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FLOOD REPAIRS TO THE LEHIGH & SUSQUEHANNA 
DIVISION OF THE CENTRAL RAILROAD OF NEW 
JERSEY. 

By M. A. Zook,* M. Am. Soc. C. E. 


The Lehigh & Susquehanna Division of the 
Central R. R. of N. J. extends from Easton, Pa., 
to Scranton, Pa., a distance of 119 miles, following 
the Lehigh River from Easton to White Haven, 
a distance of 70 miles, The line generally par- 
allels the Lehigh Valley R. R. between the above 
points, the two roads lying on opposite sides of the 
river and crossing each 
other at Allentown, Le- 
highton, Coalport (west of 
Mauch Chunk), Penn 
Haven and White Haven. 

The Lehigh Valley was 
visited by severe floods 
on Dec. 15, 1901, and Feb. 
»8 1902, carrying out old 
dams below White Haven, 
and causing damage to 
the railroads, as well as to 
the towns and industries 
in the valley. This damage 
extended from Easton, Pa., 
to White Haven, Pa. The 
principal damage to road- 
bed was between Mauch 
Chunk and White Haven. 
The damage to bridges 
covered the entire distance 


from Easton to white 
: Haven. The Lehigh Valley 
. Railroad lost two spans of 


its bridge at Penn Haven, 
and one pier and two 
spans of its bridge at 
White Haven, and besides 
suffered much damage to 
its roadbed. The Central 


generally repaired with rock quarried from the 
mountain sides, and delivered by trains. The most 
important places were at Mauch Chunk Narrows, 
below Mauch Chunk, and between that point and 
Rockport. At such points the rock was quarried 
from the face of the adjacent bluff with power 
drills, thus forming a new roadbed, besides ob- 
taining filling material for other points. Fig. 1 
is a view showing the work at Rockport. The 
repairs to roadbed were completed during the 
summer and fall of 1902, and aggregated approxi- 
mately 400,000 cu. yds. 


Easton was the most serious. This bridge over 
the Lehigh River consists of two deck spans and 
one through span, with a viaduct approach at the 
west end. The through span extended over the 
county highway bridge at Third St., Easton. The 
east pier and middle pier, of first-class masonry, 
were built on timber cribs filled with stone and 
concrete, and founded on gravel and boulders, 
overlying the bedrock, and protected with riprap. 
Upon Feb. 28, 1902, the flood, assisted by the 
ice, undermined the crib of the center pier, which 
fell, carrying with it the 176-ft. through span and 
the 160-ft. deck span. The 


176-ft. through span, after 
Sliding 7 ft. out of line, 
was caught by the high- 
way bridge. The end of 
the.span was wrecked, and 
the balance badly twisted 
and damaged, as is shown 
by Fig. 2. 

At ordinary stages, the 
water at this point is 20 
ft. deep, but during the 
flood the depth was from. 
30 ft. to 35 ft. On account 
of the high water and 
swift current, progress in 
clearing the wreck was 
slow. Much time was lost 
removing the debris, and 
blasting under water had 
to be frequently resorted 
to. 

The temporary structure 
consisted of bents, 
with an upper story of 
framed bents. Driving the 
piles was slow and difficult 
On account of the wreck- 


age. The first piles were 


R. R. of New Jersey lost 


bridges at Allentown, one 

at Glen Onoko, one at Penn Haven, and in ad- 
dition sustained damage to the masonry and foun- 
dations of its bridges at East Allentown, West 
% Allentown, Northampton, Weissport and Nesque- 
; honing Junction and other points. 

Traffic was delayed on both the Lehigh Valley 
R. R. and Central R. R. of New Jersey, but for- 
tunately the two roads were able to use each 
Other's tracks between the points of most serious 
disturbance, 

The damage to the.roadbed of the Central R. R. 
of New Jersey consisted of scouring and cutting 
the embankments, thereby causing the loss of one 
track at a number of points. This damage was 


*Assistant 
Plainfield, N, otece, Central R. R. of New Jersey, 


te 
its bridge at Easton, two F!G- 1. RECONSTRUCTION OF FLOOD DAMAGED TRACK BY BLASTING OUT BLUFFS: CENTRAL *°™POT@TY 


R. R. OF NEW JERSEY. 


The repairs to bridges were not completed until 
the summer of 1903, and included the construc- 
tion of new piers and abutments, the underpinning 
and reinforcement of old piers and abutments 
whose foundations had been undermined or dam- 
aged, the construction of retaining walls, etc. All 
masonry was repaired or built with concrete, 
using Atlas Portland cement, with concrete in the 
proportions of 1 part cement to 3 parts sand and 
5 parts stone; except in special cases of founda- 
tions, where the mixture was in some cases made 
1, 2 and 4. 

The views Figs. 2 and 3 show the wrecks of the 
bridges at Easton and Allentown. The bridge at 
Penn Haven was carried out in December, 1901, 
and the other bridges Feb. 28, 1902. The break at 


driven March 14, and the 
double-track 
structure completed March 
The other piers were slightly damaged, the east 
pier being partly undermined. This foundation 
was repaired by divers, with concrete in bags, and 
further protected by a heavy coat of riprap. The 
Structure was rebuilt with a concrete pier, the 
foundation of which is on bedrock, 71.4 ft. below 
base of rail. The foundation is 21.7 ft. by 72.6 tt., 
and top of pier 13 ft. by 60 ft. ‘This pier contains 
2,200 cu. yds. of concrete. The pler was built by 
meane of an open cofferdam, consisting of a sin- 
gie line of 6 x 10-in, tongue and yzrooved saoting, 
driven by a pile driver.’ Great care was taken 
with the concrete, especially during cold weather, 
when the materials were kept heated. The pier , 
was built by the F. M. Stillman Co., Contractors, 
of Jersey City. The new superstructure was fur- 
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nished and erected by the Phoenix Bridge Co., of 
Phoenixville, Pa. 

Tworiveted deckspansof oneofthe bridgesat East 
Allentown were raised and repairedand a concrete 
pier builiunder them. These spans had some mem- 
bers broken, and were raised by driving pile bents 
on each side of each span and for the new sup- 
ports. A bent was then erected over the spans, 
and the spans then raised and slid into line. 


NOTES ON RAILWAY CONSTRUCTION FROM THE 
RESIDENT ENGINEER'S STANDPOINT.* 
By F. C. French,j Assoc. M. Am. Soc, C. E. 

The object of this paper is not to state the practice of 
any particular road, but to call attention to the points of 
difference of a number of roads, points ignored by a great 
many. Minor items may be given undue importance sim- 
ply to call attention to their general neglect of mention. 
Such a comparison, based upon some years of actual ex- 


{y FIG. 2. WRECKED RAILWAY SPAN SUPPORTED BY HIGHWAY BRIDGE, EASTON, PA. 


The foundations of the piers and abutments of 
the bridges at Weissport, Nesquehoning Junction 
and Penn Haven were underpinned and reinforced 
with concrete, in the general manner shown by the 
plan of work at Weissport, Pa., Fig. 4. Coffer- 
dams were built at each point and the new foun- 
dations carried to such depth and material as was 
thought satisfactory and safe against future 
scour. 

At Glen Onoko an entirely new bridge was built, 
with concrete piers and abutments and three 80- 
ft. double-track plate girder spans. The Lehigh 
River at this point is crooked, rapid and deep, and 
subject to frequent freshets. Some difficulty was 
experienced on that account. On account of floods 


perience, must of necessity be out of date in some in- 
stances, and to avoid this, I have recently obtained the 
current practice of 15 roads west of Chicago from their 
Chief Engineers, and compiled results therefrom. 

WIDTH OF RIGHT OF WAY.—Assuming, then, that the 
great economic question of location has been properly 
solved, the resident engineer arrives upon the ground and 
is confronted with a company agent who is bargaining for 
right of way and promising crossing concessions at im- 
possible places in exchange for a small reduction in the 
price per acre, and working under instructions to secure a 
uniform width of 100 ft. of way, regardless of streams, 
borrow pits, waste banks, or other difficulties. 

The author has gleaned from experience, but has been 
unable to verify his judgment from many other sources, 
the following requirements as to widths of right of way 
required, and tries to impress the right of way agent with 
their importance: 


Cuts with waste banks: 


4 ft. to 6 ft. deep, 

« 140 « 
0“ to 12 « 160 
« 180 « 


With a probability of damages to adjacent pro; 
wash of waste banks an additional width of 10 tt 
is necessary. A width of at least 200 ft. is al ; 
at the crossing of all important streams... Wh: 
of land will sell the earth off of additional grou; 
at a reasonable figure, 100 ft. of width will be u 
double-track railway with slopes for excavation 
bankment can be placed thereon, but the 200 ft. at 
is important in either case. 


SOUNDINGS AT STREAM CROSSINGS - Bef 
construction begins the sites of all bridge opening 
be sounded to determine the character of the for 
required, and from these results, bills of mat: 
out and requisitions for same sent to the chief 

The soundings may readily be made by a party 
men and foreman, provided with the following ey 1 
One team and wagon, one sounding rod (secti: 
drill (1-in. bar 8 ft. long), two pipe wrenches, + 
clamps for raising rod, two water pails, one axe 
spoon. 

A convenient sounding rod is made by the ordi: 
fitter, by taking sections of 1-in. gas pipe 10 ft. lone 
each end of each section welding a 6-in. piece of ° 
pipe, so that the end projects %-in. This end | 
threaded on the outside and connection of sectio, 
by uniting with an ordinary %-in. union 1% jy 
threaded inside. 

The drill is a 1-in. rod 12 ft. long and pointed as an 
ordinary rock drill, with its cutting edge widened to 2 


ins., 1 in. back from point and tapering back to hank 
The shank is then drawn out to %-in. and threaded to f; 
an ordinary union. Several drills should be provided to 


avoid delays of working with dull tools. A couple of «mal! 
holes near bottom end of pipe attached to drill wil! relieve 
air pressure when lifting in a sticky hole. This sounding 
rod and bit can be used as an ordinary churn dri!! 

The clamps are pieces of iron similar in shape to an 
ordinary wrench and made to fit pipe snugly so that whey 
a lever is put under the handle end, the clamps wil! jam 
the pipe and the pipe be withdrawn. 

Two clamps are used to relieve bending strain. Wher 
rock is near the surface, pits will give much better re 
sults. Notes of the position of the pits or soundings as 
well as depth and character of material encountered mu:t 
be taken on the spot and plotted later in the office 


CHECKING LOCATION SURVEY.—The resident en 
gineer’s force as a rule consists of an instrumentman, a 
rodman, tapeman, team and driver, and he should a 
quickly as possible have them check all curves and tan 
gents and put in spirals (see Spirals). The length of 
spiral depending on the road in question to some extent 
Run check levels over the residency and report at once 
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FIG. 4. METHOD OF UNDERPINNING AND REINFORCING BRIDGE PIERS AND ABUTMENTS AT WEISSPORT, PA. 


and ice, the piers were protected with steel cut- 
waters, as shown by Fig. 5. The east pier was 
founded on large boulders and gravel, and the 
west pier on bedrock. The foundation of the east 
pier was solidified by pumping cement through 
the cofferdam into the rock and boulders, 

Beginning with the emergency work at Easton, 
the work was under the charge of the writer, act- 
ing under directions of the Chief Engineer Central 
R. R. of New Jersey. 


For banks from: 
6 ft. to 8 ft. in height, 120 ft. of width, 


10 “ to 12 160 “ 
200 


*A paper read at the annual meeting of the Iowa Engi- 
neering Society. 
tHumboldt, Iowa. 


any errors found jn location levels. Put a bench mark 
close to each bridge for. cut-offs and foundation eleva- 
tions. Engineers must carefully reference the be 
ginning and ending points of all curves and points of 
compound curve; also all other important points. T's 
may be done by setting two hubs at angles of 45° and 
135° on each side of the tangent, say 100 ft. from the P. © 
or P. T. The hubs should be driven down level and guard 
stakes placed for witnesses. In this manner the point 1 1y 
be replaced by measurement or intersection or both. [0 
timbered country the referen¢s points may frequently be 
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oe roots for greater safety, blazing tree for 


placed 

cross-sections should be en- 
St . eross-section book as taken. Even if the, 
nc ‘ng cannot be carried continuously across a 
cone the entries should be made as though it 
eo sous, leaving two or more blank leaves at the 
f « mile to be used for a summary. Each plece 
_cotioning should be carefully indexed in the 
book, station to station. 

“ae -urves should be calculated before the cross- 


tioning is done for all grade intersections, and in sags 


noted and added to the sum total of the yardage. Sections 
should be taken at each mile post for convenience in mak- 
ing estimates. 

The engineer should keep a transit book, level book, 
field cross-section book, bridge book, pile record book, 
and diary and a field entry of notes on paper or mem- 
orandum, for future entrance in the record books should 
never be practiced or permitted by an assistant. Taking 
a simple record of noes in memory and failing to record 
same has probably brought more otherwise good engi- 
neers into disrepute than any other one thing. I once 
heard a chief engineer say very forcibly that a large ma- 


FIG. 3. WRECK OF RAILWAY BRIDGE OVER LEHIGH RIVER AT EAST ALLENTOWN, PA. 


the rate should not exceed .10-ft. per station. On summits 
in cuts the rate should be sharper to facilitate drainage. 
On all vertical curves the grade elevation of each full sta- 
tion and + 50 ft. should be entered on the profile as well 
as in the level and cross-section book. 

Cross-sections should be taken and slopes set at every 
point where a difference of elevation of center line of 
the two sections exceeds 2 ft., and always every 50 ft., 
treating half stations as though they were full ones. In 
marking stakes, have the station number on face of each 
center stake and cut or fill on the back. On slope stakes 
have the cut and fill on the face and station number on 


jority of his men would become good engineers only when 
they had some one to cut off their heads and send them 
to the office files. 

A title should be written on the fly leaf of each book, 
giving the residency number, resident’s name and ad- 
dress, with a brief statement of what the book is used for. 
Each page must be numbered and dated for each day’s en- 
try and indexed in front of book for each separate piece 
of work. 

“Nothing new under the sun,”’ can be said about the 
methods of taking notes, but it is a subject which has 
been sadly neglected, and the author gives below, with 


LEFT HAND PAGE. 


“RIGHT HAND PAGE. 


Cross Sections. 


Areas. | Cu. ¥ds. 
Grade. 
Cut. 
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back. Have + stations marked with the last figure of the 
preceding station, with the +, thus: for station 165 + 50, 
mark 5 + 60. 

Take cross-sections and set grades where the shallow 
side of cut runs to grade and where shallow side of fill 
foes the same. It is usually sufficient to note the plusses 
where the deep sides of cut and fill come to grade, but 
the author always follows the practice of setting grades. 
Where it is expected to strike rock or its equivalent, the 
preliminary cross-sectioning may be made at a slope of 1% 
to 1, which will in part compensate for the irregular cr 
compound sections that develop on construction. 

All embankments at bridge openings should be staked 
out 2 ft. wider than specifications and tapering back to 
the standard in 50 ft., and as these banks are more ex- 
posed to wash, they should be carried out wedge-shaped 
instead of the usual rounded corners. This gives footing 
material for support of the outside corners of the roadbed. 

Exceptionally high banks should have the allowance 
for shrinkage made in width when cross-sectioning, which 
will give a good footing for additional material placed in 
bringing up to a true grade after settlement has taken 
place and the road is in operation. A number of western 
roads put all shrinkage on in width when staking out the 
work and only bring dump to the true profile grade, 
claiming that they have a better bed after settlement and 
sufficient supporting room to raise to true grade with 
train service and in ballast. 

All isolated masses of rock which occur between stakes, 
but not included in regular notes, should be separately 


apologies, a method which he has arrived at through the 
fog of many experiences. 

In the diary should be kept careful and conscientious 
record of the work done on that date by themselves and 
parties and the location, amount and nature of the work 
done by various contractors. 

It frequently happens that a controversy may arise be- 
tween the contractors and company concerning the amount 
of extra work, delays, hindrances, etc., which came up 
during the progress of the construction, and the object 
of these diaries is to have at hand a record of these points 
which at any time in the future may be consulted and 
from which the justice of the claims may be determined. 

Particular care should be exercised in keeping a careful 
record where any cut has in it a questionable material 
that might claim classification. In such an instance the 
diary should state plainly at what times the cut was in- 
spected, how frequently during the day, what force was 
at work, what progress was being made, what special 
difficulties encountered and the different locations and 
amounts of any material considered by the engineer as 
entitled to classification under the specifications. Partic- 
ular attention being given to the number, appear- 
ance and condition of the plow stock, as this is a com- 
mon point of determination between classified material 
and earth. The diary should also show a copy of all 
instructions given to contractors verbally, and any other 
items pertinent to a record of the work and a compre- 
hensive estimate of same when completed, bearing in mind 
that this is a most important part of the final record. 


The diary should also embrace a careful report of the 
weather and ground conditions, as this is frequently a 
factor in claims for an extension of time, by the contra 
tor. Also, in this connection, the engineer should go over 
the ground during or immediately after any unusual or 
record-breaking storms and note carefully the amount of 
rainfall reaching the openings in his track, damage done, 
ete., etc., to determine, if possible, any necessary changes 
in the size of his bridge openings. A careful inspection 
on the ground is worth more than the evidence of a num- 
ber of men, years afterwards, who did not have a particu- 
lar reason for noting the extreme heights of floods, etc. 

CLEARING AND GRUBBING.—Clearing must not be 
piled off the right of way without first securing consent 
from th? owner in writing, which must be forwarded to 
the chief engineer for his files; nor within the reach of 
high water which might float it back into the openings, 
always bearing in mind that in flood districts there is a 
current both ways. In clearing, make allowance for tele 
graph lines, which are usually 45 ft. from the center line 
Dead or leaning trees outside the right of way, which, if 
blown down, would wreck the wires, should be cut, and 
damages, if any, allowed to the owner. Grub holes under 
the embankment made by blasting shall be carefully filled 
and tamped, and the use of powder for ‘‘shooting stumps" 
under embankments must be restricted and discouraged, 
grubbing being much preferable. 

While the cross-sections are being taken the location 
and height of stumps to be grubbed should be noted and 
the location fixed by measurement and sketch, so that 
they may be sounded for later on, and, if covered by the 
contractor, ordered removed before acceptance. The 
specifications as to height of stumps and the burning or 
removal of grubs should be rigidly inforced. 

ROADBED EXCAVATIONS.—The engineer will give 
centers through the excavations as the work progresses 
in order to insure the contractor's excavating to the re 
quired slope, and he will not allow plowing to he 
done nearer than 1 ft. to the slope, and all slopes must 
be cleaned down and dressed as the work progresses, if 
the material will permit. Slope boards must be used in 
this work and will be furnished by the company for the 
use of the contractor, and will be returned to the engineer 
as soon as the work is completed. 

If, as the work progresses, the character of the material 
changes so as to require a different slope or roadbed, the 


Bolts, Staggered and Countersunk 


Part 
Fig. 5. Method of Arming Cutwaters of Bridge Piers 
at Glen Onoko, Pa. 


Plan. 


engineer must re-cross-section the work without delay 
and take sufficient measurements to enable him to calcu- 
late accurately the material excavated. : 

When excavation is in excess of embankment within the 
kaul limits, the embankments should be proportionally 
widened to take the material, if, in the judgment of the 
engineer, the increase in width is not exceeded in value by 
the price of over-haul. It should be thoroughly under- 
stood by the engineer that all material may be hauled at 
his discretion up to the point where over-haul exceeds the 
price of excavation. 

In cases where banks are so low as to make hau! impos- 
sible within the price, material may be wasted under due 
precautions to place it in such a way that it may uot 
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be washed back into the cut. Wasting material is ob- 
jectionable in many ways and will only be resorted to 
when it cannot be avoided, and in such cases the banks 
must be left in regular and sightly shape, not nearer than 
15 ft. to the slope stakes and never permitted at the 
mouth of cuts. Line the back of waste banks, leaving a 
liberal fence berm. 

Whenever embankments are in excess, cuts within the 
limits of free haul and at the discretion of the engineer 
for a reasonable distance beyond, should be widened 
for the material and provision made therefor in the cross- 
sectioning. 

All chenge channel work and ditching chall be staked 
out In advance, and liberally, so that the contractor will 
bave no excuse for filling everrthing in sight from hor- 
row. It cost the contractor an additional price to widen 
a cut or ditch after it has once been excavated, and as it 
it to your Interest as well as his to see that he makes as 
large a grofit as possible within the requirements of his 
contract, you should never by your carelessness entail 
upon him this additional expense. 

At passing tracks and switch stands, both cut and fills 
should have an additional width of 3 ft. for distances of 
nO ft. toward the station and 200 ft. away from it, to 
erable the brakemen to overtake the train after throwing 
the switch. 

While the work of finishing is being done the engineer 
should see that all rock cuts or cuts having boulders in 
the bottom should be taken out 1 ft. below sub-grade and 
that the cut ie full width on bottom to allow for a good 
ditch, After the cut is taken out, the roadbed should be 
filled in to grade with the best material at hand. 

The engineer may require the contractor to place in 
suitable piles and et places as he may direct, any ma- 
terial sultable for riprap, slone, wall, foundations, etc. 

In making theee piles, place them at 90° to the track 
and leave runways of 4 ft. width between piles to facili- 
tate rapid loading by work train crews later on. Con- 
tractor should be allowed a suitable amount for such 
sortine ond piling. 

The use of large quantities of powder in pot holes, 
seams. shaft or drift shots may be restricted within the 
judgment of the engineer, in order to protect the slones or 
the earth banks on compound sections. In an ordinary 
cut of. say, 6 ft. of earth over 8 ft. of rock, the centers 
should be fired first and the material mucked out and 
then the cut widened by light side shots to avoid shat- 
tering clones. 

SURFACK AND DRAINAGE DITCHES.—In few mat- 
ters is there more of an opportunity for an engineer to 
exeretee good fudgment In construction than fn the aues- 
tion of drainage, including the disnosal of surface water 
above and in cuts, above embankments on side hill work, 
and the etraightening and nossithle changing of channels 
in streams. A verv slight change In profile of a line will 
often create or eliminate a vast amount of expense fn the 
maintenance later on. 

Liberal curface ditches will be staked out on the high 
side ” euts and excavated before the work of exca- 
vation of the roadhed has heen more than well started. 
The material excavated therefrom will he nlaced in a con- 
tinneus benk or levee between the aitch and eut and 
leaving a 2-ft. berm between the ditch and bank. thus 
add'ng to the eanacitv and value of the ditch. No surface 
ditch should be less than 2 ft. wide on the bottom or less 
than 1% ft. deen. All ditches should be carried to a bor- 
row nit or water course or turned away from the em- 
barkment helow the mouth of cut. 

When embankments are made from excavation and 
there ts no borrow pit, berm ditches will be excavated 
and made of amnle dimensions for the requirements of the 
. locatt-- All ditches must be staked out and in general 
the rcterial excavated from them placed in the em- 
bankment. In change channels for turning streams, care 
must he taken to. make embankments across the old chan- 
nel of sufficient width to withstand the action of the cur- 
rent. In such cases, the width of the embankment should 
usually be not less than 20 ft. on top, with a slone of two 
to one, bearing in mind that it is cheaper to build a dyke 
too strong than to have it washed out and be forced to 
replace it. In turning rapid turbulent streams, take es- 
pecial care to prevent the new embankments from being 
washed away before they are high and strong enough to 
withstand the current. 

EMBANKMENTS.—The clause in the ordinary specifi- 
cations which requires the embankments to be built out to 
the slopes from the base up, so that the whole will set- 
tle compactly, must be rigidly enforced. The contractor 
will, if left to himself, carry up his centers and then 
widen by dumping over the sides in order to make a neat 
looking job. and, if paid by embankment measurement, 
will figure that he puts in less yardage in that manner, 
which is true, but he is paid to bring his dump to a true 
prism and if kept out to slopes from base up will have no 
difficulty with concave slopes or “‘sloughing off’’ from his 
shoulders. 

The best material must be placed under the center of 
the roadbed and the poorest under the slopes, using care 
with material liable to a large shrinkage, such as sod, 
frost clods, etc., to have them no farther in from the 
slopes than they are below grade. See that sod and sur- 


face material from cuts are not placed in the shallow part 
of the fills, but carried farther along where bank is high. 

When necessary to work in freezing weather, see that 
the material is kept constantly plowed to minimize the 
freezing, and when wheel scrapers are used on high banks, 
see that the runways are carried up the full width of 
banks in order to get uniform compacting by the travel. 

The shrinkage varies greatly with different authorities 
and also the method of applying the same to embank- 
ments. A safe plan is to widen the banks from slope 
stakes up and then correct the grade line after settlement 
with ballast, or otherwise. The average shrinkage used 
on most roads is 5% for scraper work, 7% for wagon work, 
and 10% on casting and grader work without wagons. 

The use of grading machines, elevating directly to dump, 
may be allowed when the layers are limited to not more 
than 8 ins. in thickness before compacting. Each layer 
must then be compacted by a harrow or heavy roller, cr 
both, as may be necessary, in the judgment of the en- 
gineer. 

When fills are less than 2 ft. in height the sod from the 
top of borrow pit or cut to a depth of not less than 3 ins. 
should be wasted if machine is used. 

RIPRAP.—When embankment must of necessity be rip- 
rapped to protect it from the action of water, it should be 
built at a slope not greater than 2 to 1, and, if built 
steeper, the riprap should be placed with its exterior 
face at that slope and be well backed for safety. In case 
the base of the riprap rests on rock, a steeper slope is 
permissible, but seldom less than 1% to 1. The riprap 
stones should be placed with the larger ones at the bot- 
tom and laid by hand with considerable care to avoid 
large openings. The stones should measure 1 cu. ft. at 
least, and at the ends should be turned into the bank for 
a couple of feet to avoid undermining or washing out. 

BORROW PITS.—No borrowing of material will be per- 
mitted on the station grounds without express permission 
from the engineer, and no pits will be made where they 
might cause injury to the embankment. Where neces- 
sary, they will be made on the outside edge of right of 
way and not excavated below the bottom of openings 
through which they are to drain, and the contractor must 
be instructed how to excavate them so that they will 
drain themselves for their entire length, if necessary 
grades should be run for this. 

Borrow pits for light fills should be narrow and deep 
to diminish the per cent. of sod in the fills. Commence 
all pits at least 3 ft. farther from the bank than the 
berm specified, because the scrapers will drag off the 
corners and the contractor’s tendency is to cut the berm 
down at all times. The quantities to be borrowed are 
arrived at from the plotted haul and the contractors are 
to be instructed how much and when to borrow so that 
the borrow will not be excessive, leaving the cuts to be 
wasted. 

Berms of the following width should be left between the 
slope stakes and borrow pits: Panks under 8 ft., 6 ft. 
berm; banks 3 to 10 ft., 8 ft. berm; banks over 10 ft., 
10 ft. berm. 

CROSSINGS.—In locating crossings consult the right of 
way deeds and comply with the stipulations contained 
therein. Grades on crossings should not exceed 6% with 
20 ft. of level, grade on ‘each side of center line of track. 
The usual width of a farm crossing is from 12 ft. to 20 ft., 
and of a highway crossing from 20 ft. to 36 ft. on different 
roads, with the usual roadbed slopes. The engineer 
should endeavor to secure, within reasonable expense, 
under or over-head crossings. Bridges and culverts can 
usually be utilized for farm crossings, at least, with but 
small outlay. 

FINISHING.—AIl grading will be finished to the stand- 
ard roadbed sections, and slopes should be dressed io 
true prisms, both in cut and fill, no concave slopes in 
fills or cuts being permitted. In finishing embankment 
the author has made a practice of setting shoulder stakes 
at each station and center hubs at each + 50 on tangents, 
and on curves two stakes, one on each side at extreme 
width of cut at stations and plusses. With some con- 
tractors he has found it necessary to set crown stakes for 
the roadbed in cuts also. Before accepting, the grades 
over finished work should be checked and attention paid 


to the ditches to see that they have proper width and. 


depth. Any method of finishing that will disturb the 
grade stakes will not be permitted. Where road is to be 
ballasted, in order to facilitate drainage, the roadbed at 
sub-grades should be crowned both on tangents and 
eurves by raising the center 4 ins. above the sides, mak- 
ing due allowance for ballast in establishing grade ele- 
vations. 

MASONRY.—In staking out masonry the stakes for the 
neat lines should be set far enough back from work to 
permit of its being carried on without interference with 
stakes and in such a position that lines stretched between 
tacks will intersect at the neat corners. The working 
plan furnished the contractor’s foreman must show !o- 
cation of all stakes. The slope stakes should be set at 
such points as will reasonably prevent caving during 
construction, and the cross-sections taken in squares over 
a larger area so that in case caving occurs a complete 
record of the surface is at hand. Stakes should not be 
set on these squares, but the slopes set independently. 


All foundation courses must be spread wel] | 


frost line, unless placed on solid rock and 
foundations without grillage the excavation 
dimensions equal to the footing course, wh 
masonry excavation should be made 1 ft. jare., 
than the dimensions of the footing course. 

A complete record and sketches of ali masor 
kept, particularly of the foundations which 
ered up later on. The depth in every case m, 
below some fixed point, such as coping or ¢ 
In all cases of uncertain foundations speci 
tions will be issued by the chief engineer. 

SUPER-ELEVATION OF CURVES.—On all 
roadbed is to be furnished to conform to a sup 
equal to 2% of the width of the roadbed for « 
in the index of the curve. The outer edge of th: 
will be raised above the grade at the center lin: t} 
super-elevation and the inner edge of the roadi fa 
depressed below the grade at the center line | 
super-elevation, the center line remaining in ! 
with the profile grade, plus shrinkage. Thus: fF 
16-ft. roadbed on a 4° curve, the super-elevat 
equal 1.28 ft. or .64-ft. above the grade of the | 
tht outer edge and .64-ft. below the grade if t! 
for inner edge. Curves having bridges within 
lengths should be treated in the same manner as othe 
points, the grade line of the bridge being adjusted ; 
cordance with the above rule. The distance out i 
cases will be set at a point corresponding with the 
of roadbed desired, which in general will be 16 ¢1 
bankments and 8 ft. each side of the center | 
sharp curves proper correction should be made jj; 
slope stakes due to the super-elevation. It is is desirea 
that embankments shall be full and strong on the outside 
of all curves. 

CULVERTS.—AH culverts should be laid out 
angles to the center line when possible, and have their 
foundations below the f-ost line and at sufficient a 
and grade that the culvert will drain itself and, in gen 
eral, the borrow pits adjacent. Every culvert must be 
placed so that it may safely work under a moderate 
without injury to itself and at as large a grade as the 
nature of the ground and its safety will admit. Both ena 
should be protected by a sunk wall extending at leas 
3 ft. below the floor and the lower end must be protected 
by an apron or some arrangement to keep the back-wash 
from undermining. 

Vitrified pipes, when used, must be at least 8 ft. below 
sub-grade and crowned a few inches at the center. The 
bottom of the trench for pipe must be rounded and holes 
dug for the sockets. In case the foundation is poor, it 
must be excavated and suitable material placed. 
in contact with the pipe must never be permitted. 

When filling over pipe use drag scrapers to build up 
walls parallel to pipe and as close as possible to each 
side, giving the space over the pipe a more moderate 
packing. This will imitate to a degree the usual practice 
of pipe laying in trenches. When two rows of pipe are 
used they should be far enough apart to admit of thor- 
ough work between them. 

Blind drains are sometimes made of rough stones thrown 
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in without particular order and covered over with brush 


or sod. Their use is objectionable, however, and should 
be restricted to few cases. 

PILING.—AIll pile bridges should be staked out ahead 
of the driver, setting a hub for center of each bent and a 
stake for each pile, being careful to use the near face of 
pile for the station, as centers can then be plumbed up 
from the hubs without the continual use of an instrument. 

Pile inspectors should be appointed by the engineer, 
whose duties are to watch the driving of all piles and keep 
a record of each, seeing to it that every pile is driven deep 
enough to be secure against wash and scour as well as 
against sinking under the load. 

The inspector will be provided with a pile record book 
in which he will keep a careful record of the bent number 
of each pile, and the pile letter, together with sketches 
of all pile foundations other than trestles, in order that 
the piles in the record may be identified. The bents will 
be numbered consecutively, the bank bent being (1) and 
so on, and the piles in each bent lettered A. B. C. D, etc. 
from left to right when looking with the stationing The 
pile record will then show on the left-hand page: (1) 
Station; (2) bent number and pile letter; (3) length put 
in leads; (4) kind of pile and whether treated or un- 
treated; (5) penetration below surface; (6) length below 
cut-off, to be filled in later; (7) penetration under last 
five blows; (8) weight of hammer and last drop in feet. 

On the right-hand page all remarks on the progress 
and method of conducting work should be made. 

The pile inspector will see that long piles are not used 
where shorter ones are ample, and that due precautions 
against brooming are used by having the heads well 
chamfered or pile rings used. In hard driving piles 
should be shod. 

2w.H 

A good formula for safe load in pounds is “et 
in which W. = weight of hammer in Ibs.; H. = fal! in 
feet; S. = set of pile im inches under last plow. 

When leaving a residency? the inspector will turn over 
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grams from which the final estimates have been made are 
to be turned in with the cross-section notes and become a 
part thereof. The engineer will note expansion of rock 
by taking stations between which cut and fill actually 
balance on the ground. Haul must be estimated separate- 
ly for each cut, and paid for on the section from which 
the excavation is made. 

VERTICAL CURVES.—Vertical curves will be put in at 
all changes of grade where the algebraic differences ex- 
ceeds 0.2 ft. and in sags the rate of change per station will 
not exceed 0.1. In summit cuts the rate may be increased 
to facilitate drainage. 

To determine the length of the curve in stations, divide 
the algebraic difference of the intersecting grades by the 
desired rate, thus: If a — 0.7 grade meets a + 0.4 at sta- 
tion 60, the length of curve for a rate of change of 0.1 
per station, would be (— 0.7 — 0.4) + 0.1 = 11 stations 
and the curve would begin at 34 + 50 and end at 65 + 50. 

To compute the correction to the regular grade eleva- 
tions at any point, the following method, Fig. 2, is con- 


FIG, 2. 


venient. Let B be the point of intersection of two grades, 
A the point where curve commences, as above; C the end 
of the curve, D the point on grade A B produced below C, 
and E any point on curve. Compute C D from the dis- 
tance C B and the grades. 

Since AEC is a parabola, the ordinates from AB 
vary as the squares of the distances from A, hence: 


EE’ AE AE 
—=-——orEE’= —xCD, 
CD (AC)? (A C)? 


whence the correction is easily computed. 

For convenience, Table II. of corrections is inserted, 
giving the vertical distance from the tangent grade line 
at corresponding distances from P. V.C or P. V. T., see 
first column, distances to be taken up or down, according 
to the farm of the angle. For intermediate values correc- 
tions can be interpolated from table. 

REPORTS.—The engineer will compile from his diary 
and records on the first and fifteenth of each month, and 
forward to the chief engineer complete report of the 
progress of the work, good and bad methods of carrying 
on same, and any other items of importance, this being 
accompanied by a force report, on standard forms, giving 
by stations, sections and contractors the full average 
force at work on the line, or which might, if conditions 
were favorable, be at work on the line. In this, men and 
animals are not to be counted unless the contractor has a 
sufficient plant for handling them. 

PROGRESS PROFILES.—Progress profiles will be sent 
at the end of each month to the chief engineer's office, 
showing graphically all material delivered and work done, 
and by percentages, the amount of the totals completed. 
The location of all bridges and size of same should be 
plainly marked and the depth of the lowest pile in each 
bent. Where track is laid or fencing done or telegraph 
lines put up, a line should show the end of each day's 
work, The marking on profiles by months should be by 
water colors of section lining, so arranged as to be ap- 
parent at a glance which month the work was completed 
in. Standard record books will be furnished for the final 
notes, and such notes will be written in ink when they 
are final, and not until then. They should comprise every- 
thing having a bearing on the final estimate and be ar- 
ranged according to special instructions. A summary will 
be compiled at the end of each mile, showing at a glance 
the estimate by totals in each section, the records being 
kept up so far as possible while the work is in progress. 
As soon as the construction permits, the engineer will es- 
tablish permanerrtt bench marks every half mile, preferably 
on masonry bridge seats or other permanent objects; 
where these are not available, the engineer will call for 
standard bench marks, which will be furnished. As soon 
as the work is completed the engineer must make a final 
profile, showing all information required on profiles in 
accordance with the actual work as constructed. This 
profile must be made as per standard sample, on Plate “‘A”’ 
profile paper, continuous roll, in seale 200 ft. wide and 
long enough to leave 18 ins. of blank paper at each end. 

To the usual title add: 

Final Profile, Residency No. ———. 
Miles, 18 to 27, 
Stations, 1081 to 1566. 


FATAL COAL MINE ACCIDENTS IN GREAT BRIT- 
AIN during 1903 were 1,052 in number, an increase of 115 
over the total for 1902, and the total lives lost were 1,067. 
At metal mines, in the same period, there were 25 fatal 
accidents. 


HOT-WATER HEATING SYSTEM, AND TABLE OF HEAT. 
TRANSMISSION COEFFICIENTS. 


Our report of the annual meeting of the Ameri- 
can Society of Heating and Ventilating Engineers, 
in our last issue, should have been accompanied by 
a cut and a table, which 
were accidentally 
mitted. We give them 


Heat Transmitted Through Various Kinds of Surface, in B.T U., 


of water, and the gas, when fenerated j{« 
through suitable piping, washer and ws. 
and fire screen, and drip pots into a 
holder of not less than 6,000 cu. ft. cana 
The generator will be built of heavy oc 
than %-in. in thickness and fine ‘grai 
joints between plates, and plates and ¢» 
made by well-riveted and fuller calkeq 
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i janation and am- | 7.20 | 9.60 112.00 14.40 116.80 | 19.20] 21.60] 24.00 126.50 
x} ation 10” [3.40 | 8.10 | 6.40 — 
plification of our report Solid 5” 5.20 
of the meeting. 20” } 
The cut is a diagram 
1e Reck sys- 
sketch of the Rec 
tem of hot-water heat- 0" 
ing with accelerated 
circulation, described on — 
pageS5 of our last issue. 
12.25 | 14.00) 15.6 
The letters on the dia 71,20 | 12,80] 14.40 |76.00 
gram correspond to Walls [reais 13.08 [18.50 [15.95 
those used in the ex- 33” _| 9.10 | 10.90] 11.65 | 13.00 [14.40 
9.60 | 10.40 112.00 113 
planation of the sys- 10.60 13.00 |19.20 
tem, on the page re Wels |— : | 

: add 10% | 
ferred to. 48 

The table also given 
itions. | 3% 4.80 | 7.20 | 9.60] 12.00 
herewith is taken from 


the paper by Mr. C. F. ito 
Hauss on “How to Fig- Planks in 
ure Heating Work Ac- 
curately,’’and was com- 


Floore | on earth 


070 | 1.05 | 1.40] 1.75] 9. 
9.00 | 3.00 | 4.001 8.00] 
1.60 [2.30 | 3.90 | 4.00 | 4.60 
2.00 | 3.00 | 4.00 | 5.00 | 6.00 | 
0.90 | 1.45 | 1.80 | 2.95 
0.20 1.20 | 


piled by him from Ger- 7 0.30 [0.80 


1.00 | 1.50 | 2 
man sources. The fol- with air 0.14 [0.70 | 1.40] 2.10] 2 
lowing explanatory re- |windows| [1.00 | 5,00 | 10.00 | 15.00 | 0.00 | 35.00 140.00 143.00 | 50.00 [58.061 60.0 
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, he Sky = P1.80 7.70 | 52.09 153.30 | 
pany the table: Double 0.48 |2.40 | 480} 7.20] 9.60 112 16, 50 | 22.00 190.50 
Add: 5% for rooms with Doors 6.49 | 2.00 | 4.00 | 6.09 | 8.00 | 10.00 119.00 [14.00 118.00 118.00 | 20.00199.00 24.00 |. - 
unusual exposure; 10% Difference in Temperature 5°] 10°] 15°] 20° | 25°] 30°] 95°] 40°] | 


where exposures are N., 
NE., E., NW. and W.; 314% where the height of ceiling 
exceeds 13 ft.: 6249 where the height of ceiling exceeds 
15 ft.; 10% where the height of ceiling exceels 18 ft. 
For rooms heated daily, but where heating is interrupted 
at night, add 
0.0625 (N—1) W, 


For rooms not heated daily, add 
0.1 (8+Z) W 


in which two formulas the symbols have the following 
values: 


W, B.T.U. lost per hour by exposed surfaces: 

W = total B.T.U. required, including ventilation or 
changes of air; 

N = Time from cessation of heating to time of starting 
fire again, in hours; 

Z = time necessary after fire is started until required 


room temperature is reached, in hours. 


SPECIFICATIONS FOR AN ACETYLENE GAS GENERATING 
APPARATUS FOR FORT McPHERSON, GA. 


Specifications for an acetylene plant are a nov- 
elty to so many engineers that it has seemed wise 
to present in full to our readers the specifications 
for such a plant. Bids were opened Jan. 29 for 
the labor and materials involved in executing the 
contract to be covered by these specifications; B. 
B. Buck, Captain and Quartermaster, 16th U. S$. 
Infantry, being the recipient of the proposals, 

Omitting the “General Conditions,” the speci- 
fications follow in full: 


DESCRIPTION. 


The work included under these specifications consists 
in furnishing all material and labor necessary to construct 
and install in gas house at Fort McPherson, Ga., complete 
and ready for operation, an acetylene gas generating and 
storage plant, with all generating, purifying, washing, 
sealing, gas storing, measuring and regulating apparatus, 
and all gas, water and sewer connections. 

NOTE.—Each bidder will submit with his proposal com- 
plete drawings and specifications for each piece of appa- 
ratus bid upon, describing the material used, method of 
construction and method of installing each piece of ap- 
paratus, inciuuing the internal construction and arrange- 
ment of the gas generator and tank and holder. Gas me- 
ter will be described by name and manufacturer only. 

GENERATING AND CONTROLLING APPARATUS.— 
The gas generating and controlling apparatus will consist 
of an acetylene gas generator of best make, of the drop 
type, with carbide feed apparatus, washers and water- 
seals, purifiers and fire screens, drip pots, gas storage 
tank and holder, measuring apparatus and pressure regu- 
lator or governor, with all gas, water and drip pipe and 
valves necessary to connect the several parts of the appa- 
ratus and control the same. 

GENERATOR.—Provide and set up in gas house, on 
suitable brick or concrete foundations, a generator, com- 
plete with all connections. The generator will be for ace- 
tylene gas, having a capacity of not less than 6,000 cu. 
ft. of cool, dry gas in three consecutive hours; will be of 
the drop type, where the carbide is dropped into an excess 


where pipes are connected to the steel shell the 
will be reinforced by cast iron flanges riveted to th: 

The generator will be arranged with a carbide feed 
chamber, with carbide feeding apparatus arranged to drop 
any commercial size of carbide into the generating e¢!} 
ber at any desifed speed, generating and sludge: 
will be of ample capacity to contain not less thar 
of water per pound of carbide and one charge of not 
than 500 Ibs., and to be of the same relative capacity 
any larger charge, with 2-in. water flushing inlet and - 
sludge discharge outlet, at least 6-in. gas outlet, 
and overflow outlets of proper size arranged with ope: 
ings so height of water can be ascertained without open 
ing the generator or allowing gas to escape. 


Diagram of Reck System of Hot-Water Heating. 
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. WATER SEAL.—Provide and connect as 

rator as possible a gas washer and water 
»pacity, arranged with gas inlet and outlet 
. plate and water seal chamber with vent 
+r and water seal will be of steel plate or 
mple capacity and strength to wash and 
: gas from the generator under, normal 


“oN OR PURIFIER.—Provide and connect, 
~acher and drip pot and between drip pot 
» regulator, purifiers, arranged with alter- 
It and fine mesh iron screen so any small 
. or other solid matter will be taken out 
1 other fine mesh iron wire screen so ar- 
‘case of fire or explosion of any kind the 
. the screen into the tank and holder. 
-—Place below floor suitable manholes, as 
ils, one each side of gas tank and holder, 
aphole place a cast iron or steel and cast 
arranged with suitable gas inlet and outlet 
» pipe, so any drip collected can be pumped 
ing pump above the floor. 
1? OR REGULATOR.—Provide and connect, 
‘purifier and station meter on the discharge 
holder, a suitable sensitive regulator or gov- 
ake approved by the officer in charge, to 
ressure in the main absolutely and accurate- 
‘ of the pressure in the tank and holder. 
METER.—Provide and connect, between the 
id street mains, one standard wet gas meter 
| make, properly tested and asserted to by the 


est 

connections between the different parts of 

to be made with new wrought iron (not 
nd for street mains to 5 ft. outside of building 
suality, standard sizes and weights; all over 
it to t a ipwelded, the bur or fin in the end of the 
. or any other obstruction, to be removed before put- 
> nine in place. The size of all gas pipe will be as 
ins. Vent pipes to be carried to a point 5 ft. 
hove the roof as directed. J 2-in. water pipe to be con- 
sected into post water main where directed, by means of 
a water connection of best make approved by the officer 
rs charge, with four %-in. branches, and carried in suit- 
sble tre neh, not less than 2 ft. 6 ins. deep, satisfactory to 
the officer in charge, into building, where branches of 
proper size will be taken off to supply the several parts 
ot the apparatus and to a 2-in. gate valve’ properly 
threaded, similar to the threads on the fire hydrants at the 
nest, to take a standard 2-in. fire hose coupling. 

“Before entering the building connect in this water line 
, 2-in, stop and waste of best make, set in a cast iron 
box brought to the surface of the ground with solid cover 
marked ‘“Water,"’ and a long-handled key. Surround 
the bottom of this box by at least % cu. yd. of broken 
stone of a hard nature, no piece of which to be larger than 

2-in. cube. 

a ¢ in building to be so graded that closing waste 
ie of building will drain all pipes dry. ‘ 

FITTINGS.—All fittings to be of standard size and 
weight, of fine grain cast iron, free from holes and 
spongy spots, with clean cut taper threads. Where pipe 
changes size proper reducing fittings will be used (no 
bushing will be allowed). Where necessary eccentric fit- 
tings will be used to provide unobstructed flow of conden- 
cation and drain pipes dry. 

VALVES.—All valves will be straight way gate valves, 
of best make approved by the officer in charge, Eddy or 
equal, with double-seated gate, external yoke and screw; 
all to have cast brass gate and brass stem; those for wa- 
ter to be brass throughout. 

TANK AND HOLDER.—Provide, erect and connect a 
cyitable one-lift steel gas storage tank and holder. Holder 
to have a diameter not less than 24 or more than 26 ft, 
with flat crown or head, well framed and braced; holder 
to have a capacity of not less than 6,000 cu. ft. of gas 
when inflated and give a pressure of approximately 4 ins. 
of water. Tank to be not less than 14-in. steel plate of 
suitable size for the above holder, giving a water seal of 
not less than 12 ins. when inflated. Tank and holder to 
be built of mild steel having a tensile strength of not less 
than 60,000 Ibs. per sq. in. of section, and an elongation 
of from 20 to 25% in a section 8 ins. long. 

CURBS.—The tops and bottoms of tank asd holder, each 
to be fitted with suitable angle trancurbing not smaller 
than 3 x 3 x %-in. angle vertical legs. The holder to be 
fitted with at least vertical legs of 3% x 31%4 x %-in. angles, 
properly secured to the holder. 

CARRIAGES AND ROLLERS.—The holder to be fitted 
with at least 12 suitable carriages and cast iron rollers; 
four fastened to the crown and eight to the bottom curb 
of holder; all to work against the guide rails of frame and 
tank. 

GUIDE FRAMES.—The guide frame to consist of not 
less than four standards of 4-in. rails, weighing 18 Ibs. 
per ft., properly secured to the tank and held at the top 
by four suitable double struts consisting of two angles not 
less than 4 x 38 x %-in. and braced from the top curb of 
tank by not less than 8 angle braces of 2% x 2% x 5-16-in. 
angles, two to each standard extending from the top curb 
of tank to standard at proper point. 

TANK RAILS.—The tank to be fitted with not less than 
8 guide rails of 4-in., 18 Ibs. per ft. rails, fastefed se- 
curely to the tank. 

LANDING BLOCKS.—The tank to be fitted with at least 
8 cast iron landing blocks, one for each vertical leg, se- 
cured to bottom of tank to support the holder when it is 
resting in tank. 

_ OVERFLOWS.—The tank will be fitted with suitable 2- 
in. overflow. 

_ INLET AND OUTLET PIPES.—Furnish and connect 8- 
'n, inlet and &-in, outlet pipes, one each with fittings com- 
plete, from drip pots in manholes into gas holder. 

JOINTS.—AH joints between steel sheets and steel sheets 
and angles or castings to be made by well-riveted lap- 
joints, all joints to be made tight by fuller calking. No 
split tool calking will be allowed. 

PAINTING.—AIl iron work, including piping, to receive 
two coats of Dixon’s Silica Graphite paint, one coat be- 
fore and one after erection, excépt the generator, tank 
and holder, which will receive both coats, both inside and 
out, after erection. 

FOUNDATIONS.—Each piece of apparatus to rest on 
= table foundations of concrete composed of 1 part best 
Portland cement, of a brand approved by the officer in 
charge, 2 parts clean, sharp sand and 4 parts of broken 
stone or coarse gravel of a hard nature, no piece of which 
to be larger than a 2-in. cube. 

Foundations to be of size and shape as required by the 
*everal parts of the apparatus and the nature of the 
round, and of such depth as to provide absolute security 
“gainst insecure foundations. 

FLOOR DRAINS.—Provide and properly set in concrete 
floor where directed, three 10-in. diam. combination floor 


drains and traps, of best make, with 3-in. outlets; drains 
from traps to be 3-in. extra heavy cast iron pipe carried 
to a point about 5 ft. outside of building and there con- 
nected into a 6-in. sait-glazed, hub-joint vitrified terra 
cotta pipe drain carried to an outlet where directed by the 
officer in charge, the outlet above ground to be protected 
by a wrought iron grating set in a brick heading with a 
stone cap, all laid in cement, no connection to be made 
with sewtr. 

Furnish and lay 6-in. hub-joint salt-glazed, vitrified 
terra cotta pipe from the 2-in. stop and waste outside 
of buifding and connect same into 6-in. drain from floor 
drain. 

All terra cotta pipe to be laid in neat Portland cement 
joints to a true grade not less than one-quarter inch to 
the foot, with hubs sunk below general level of trench to 
admit of solid bearing for pipes. 

EXCAVATING.—Excavate trenches for all water, gas, 
and drain pipes as directed by the officer in charge, to’ a 
depth of not less than 2 ft. 6 ins. or such additional depth 
as may be required to obtain the desired grade to pipes, 
and fill all trenches after pipe is laid; also excavate as re- 
quired for all foundations. 

SLUDGE DRAIN.—Properly form in concrete floor under 
sludge discharge opening of generator a suitable opening 
to receive the sludge discharged from the generator and 
all drips from parts of the generator, this opening to be 
connected into the tank for residuum with an S-in. hub- 
joint salt-glazed, vitrified terra cotta pipe as specified for 
drain pipe, and laid in a similar manner; all pipes dis- 
charging into this opening will be so arranged that any 
leaking can be detected. 

Furnish one pump of approved make for pumping drip 
from drip pots, also one 50-ft. length of fire hose similar 
to the fire hose already in use at the post. 


THE NEW ORDINANCE FOR FIRE PROTECTION OF 
THEATERS IN CHICAGO. 

After the Iroquois theater fire, the city council 
of Chicago undertook to revise and systematize the 
various principal ordinances relating to the thea- 
ters, and a special committee was appointed to in- 
vestigate the matter. The committee heard a great 
deal of evidence and obtained expert advice, and 
on Jan. 25 the council passed a new ordinance, 
which will require extensive alterations and im- 
provement to be made in nearly every theater in 
Chicago. The requirements governing the reopen- 
ing of the theaters are as follows: 


Ordered, by the city council of the city of Chicago, that 
all persons, firms, and corporations, owning and operating 
theaters in the city of Chicago, who will agree to make 
such alterations or changes as are necessary to comply 
with the building ordinance passed on Jan. 18, 1904, said 
alterations and changes to be made not later than Sept. 1, 
1904, shall be permitted to open and operate their theaters, 
or such part of said theaters as an investigation will show 
can be operated in compliance with the said ordinances 
and amendment thereto. Provided, however, that before 
being permitted to open any such theaters the owners or 
lessees thereof shall first comply with the said ordinance 
in the following particulars: 

1. They shall have a brick proscenium wall and a sub- 
stantial vertically operated steel curtain, fireproofed on 
the stage side thereof, which curtain shall be in constant 
use as the regular curtain and act drop as provided in the 
ordinance. 

2. They shall install or erect one or more vents or flue 
pipes to be placed in the roof over the stage. 

3. They shall install all fire apparatus and fire alarm 
equipment provided for in the ordinance. 

4. They shall employ two or more firemen. 

5. They shall fireproof all scenery and stage settings 
with fireproof paint or other a~»roved fireproof solution. 

6. No theater shall be permitted to open unless, in the 
judgment of the mayor, commissioner of buildings, and 
the special committee on reopening of theaters, the-en- 
trances, exits, stairways, and aisles of such theater are 
sufficient to render said theater safe. 

7. They shall comply with such additional requirements, 
restrictions, and conditions as may be imposed by the 
mayor, commissioner of buildings, and said special com- 
mittee, and provided further that the said additional re- 
quirements, restrictions, terms, and conditions be reported 
to the city council. . 

8. Before any theater is opened under this resolution 
every part of the building shall be thoroughly cleaned. All 
surplus material of combustible nature shall be removed 
from rooms beneath the stage, from the fly galleries, from 
mechanics’ rooms and dressing rooms. No part of the 
building shall be used for storage purposes, and all prop- 
erty not in actual use shall be stored outside the theater 
building. All air ducts leading to the auditorium oi stage 
shall be thoroughly cleaned out. 

Be it further ordered, that before any theater shall be 
opened under the terms and conditions of this order the 
owners or lessees thereof shall execuhte unto the city of 
Chicago a good and sufficient bond in the penal sum of 
$25,000. conditioned that such owners or lessees shall 
faithfully observe and perform each and every condition 
and requirement of the said ordinance of Jan. 18, 19)4, 
within the time fixed in said order. Said bond shall be 
in form to be approved by the corporation counsel and 
the sureties thereon shall be approved by the mayor. 


THE REPORT OF THE BUREAU OF NAVIGATION 
shows that 62 vessels of 23,358 gross tons were built in the 
U. S. during the month of December, 1903, and that 571 
sail and steam vessels of 177,067 gross tons were built 
and numbered during the six months ending Dec. 31, 1903; 
and that the total number of vessels built and numbered 
in the U. S. in 1903 was 1,159, of 381,970 gross tons, as 
compared with 1,262 vessels of 429,327 gross tons in 1902, 
and 1,322 vessels of 376,129 gross tons in 1901. 


THE NUMBER OF VESSELS LAUNCHED all over 
the world during the year of 1903 was 2,441, with a ton- 
nage of 2,679,531, according to the Glasgow ‘‘Herald’s’’ 
annual review. The output of the yards of Great Britain 


compared with the U. S. and Germany is given as fol- 


lows: 


Vessels. Tons. I. H. 
United States .......... 18S 493.144 324,200 
Penns 149 262.74 254,405 
271 261,003 197 25 
Tees and Hartlepools .. 67 171,304 89,640 


Great Britain produced about 52% of the total tonnage 
built in the world during 19038 


A DECISION AS TO THE FELICIDAD ASPHALT 
mine ownership has been rendered by the Federal High 
Court, sitting at Caracas. This ‘‘mine'’ was bought in 
1890S by Warner & Quinlan, of Syracuse, N. Y., from the 
Bermudez Asphalt Co., but the court gives as its unani- 
mous judgment that their title is null and void. 


> 


THE MOST SERIOUS RAILWAY ACCIDENT of the 
week occurred on the Missouri Pacifle Ry. near Miller, 
Kan., on Jan. 31 An eastbound through passenger train, 
bound for Kansas City from Denver, was derailed while 
running at high speed. One person was killed in the 
wreck. 


AN ELEVATOR FALL which occurred in the building 
74 Broadway, New York City, on Feb. 2, is interesting 
because the elevator is of the differential or running-rope 
ype; in this type there are two motors geared to the 
endless elevator rope in such a manner that when both 
motors are running at equal speed the elevator remains at 
rest, and its speed at any time equals the difference in 
speed of the two motors. It is said that this was the 
only running-rope elevator in New York City. The man 
in charge of the car had been in that position only a few 
days. There is some evidence to indicate that the ope- 
rating machinery of the elevator was out of order, but 
no conclusive information is yet obtainable. 


A SERIOUS EPIDEMIC OF TYPHOID FEVER is in 
progress at Columbus, O. From 40 cases for the month of 
December, the January record mounted to 705 cases for 
the first 30 days of the month, with 81 cases on Saturday, 
Jan. 30. The cause of the outbreak is believed to be the 
pollution of the public water supply. Mr. F. H. Eno, Aa- 
sistant Professor of Civil Engineering at the Ohio State 
University, Columbus, O., has been engaged by this jour- 
nal to report on the outbreak. Hig report will appear ia 
our issue of Feb. 12. 


THE WORK OF DREDGING SAN PABLO BAY, Cali- 
fornia, has been suspended by Chief Engineer Hener on 
the ground that the contractor, Rudolph Axman, has failed 
to make satisfactory progress. The contractor has ap- 
pealed to the Secretary of War for an extension of time, 
on the ground that the Government charts misrepresented 
the depth of the water, it being shoaler than was shown, 
and that in consequence there was a partial suspension of 
work at low tide, owing to inability to dump the scow 
alcng the shore at low tide. 


A NEW PATENT LAW, has been enacted in Mexico, 
which will make the exploiting of new inventions in that 
country much easier than it has been in the past. The 
text of the new law is printed in full in the Consular Re- 
ports for January, copies of which can be procured from 
the Department of Commerce and Labor, Washington. 
The new law requires application to be filed within three 
months after the issue of a prior foreign patent. Ex- 
amination is for form only. The term of the patent is to 
be twenty years, and a tax of $5 is enacted for the first 
year and of $35 for the remaining nineteen years. An 
extension of five years may be granted. Working the 
patent is not obligatory; but in case it is not worked 
compulsory licenses may be obtained. 

The new law is to take effect on Oct. 1, 1904. Patents 
already issued will be governed by laws previously in 
force, but may be brought under the provisions of the 
new law if application is made within six months from 
Oct. 1. 


> 


HIGH-SPEED EXPRESS TRAINS are proposed, in 
Germany, according to an item in “The Engineer’’’ from 
which we quote as follows: 


The Prussian Railway Ministry contemplates shortly 
making a series of interesting experiments, with a view 
to running express trains from Frankfiirt to Hamburg, via 
Marburg, Gottingen, and Hanover, at the rate of 68 miles 
an hour. Preparations on this line, which is 340 miles 
long, have already been effected. Iron sleepers have been 
substituted for those of wood, and the underlying bed has 
been composed of broken stone and gravel, while steel 
rails have taken the place of iron. Trial trips were re- 
cently made on the line, thus strengthened between Mar- 
burg and Frankfiirt, with ordinary engines, and a speed 
of 55 miles an hour was easily attained. According to the 
Zerlin correspondent of the Daily Telegraph, special en- 
gines with four cylinders are being provided, which will, 
it is anticipated, increase the velocity to 62 or 68 miles 
an hour. 
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It is so rare an occurrence for an outside engi- 
neer to report in favor of the installation of a 
meter system rather than the acquisition of a 
larger water supply that we call particular atten- 
tion to a recent report to the city of London, Ont., 
made by Mr. Willis Chipman, M. Am. Soc. an, 
of Toronto, Ont. Mr. Chipman estimates that by 
placing meters on 75 per cent. of the services the 
present supply could be as good as increased by 
25 per cent. An alternative would be to construci 
an independent service for fire and business pur- 
poses in the center of the city, and still another 
possibility is to build a pumping and filtration 
plant above the city. Any of the three plans 
would involve new and larger mains and the first 
cost and yearly expense under each plan would 
be about the same. About 6,500 meters would be 
required under the plan recommended, the placing 
of which could be distributed through some five 
years. Perhaps the conditions at London are ex- 
ceptional, but is it not more probable that the 
construction of works for an additional supply is 
more attractive to most engineers than the idea 
of installing meters, and that this accounts for 
the rarity of such recommendations as we have 
just noticed? 


It has long been the practice of railway com- 
panies not to publicly advertise for bids for con- 
struction contracts unless the work is of great 
magnitude or of special character. The strongest 
argument in’ favor of this practice has been that 
by inviting bids from a selected list of experienced 
contracting firms the contract would be awarded 
to a firm whose ability had been demonstrated. 

This argument has gone for so long a time un- 
challenged by counter arguments that the practice 
of private letting has become part of the railway 
official's creed, scarcely to be questioned. There 
are, however, we believe, better economic reasons 
for the public letting of railway contracts than is 
commonly supposed. At this time we would call 
attention to just one argument in favor of the 
public letting of railway contracts. In the rail- 
way news of last week will be found an item rela- 
tive to alleged collusion among certain contractors 
who submitted bids for the tearing down of build- 
ings on the site of the proposed Pennsylvania 
Railroad station in New York City. It appears 
that eight of the competing (?) firms have se- 
cured an injunction against the contractors who 


are tearing down the buildings, on the ground 
that they have not shared the profits as agreed 
upon before bidding. Surely there is food for 
thought in this incident, and unfortunately it 
points to a condition of affairs often existing but 
seldom disclosed. 

Where a given number of contracting firms re- 
alize that competition is limited to them they 
would be strangely behind the times in these 
days of “combination” if they did not come to 
some understanding among themselves as to the 
division of the work or the profits. Wrapped up 
with the question of ethics in such transactions 
is the question of economy. The railway whose 
construction work is done by one or more cliques 
of contractors is certainly paying a high premium 
for securing “responsible” contractors. It would 
seem that while public advertising and letting of 
railway contracts might occasionally result in the 
award of a contract to an irresponsible firm, the 
saving in cost on the bulk of contract work would 
offset any occasional smaller loss arising from 
delay. But if railways were to require the bonds 
of a surety company, and if in addition a record 
of the work done for other railways by each con- 
tracting firm were looked into, there is not the 
slightest doubt that the average of responsibility 
among successful contractors would be quite as 
high as at present; and, in addition, there would 
be real competition where now there is only a 
pretence in many instances. 


> 


The Canadian Government has appointed a 
special commission to investigate the various 
processes of direct reduction of iron from its ores 
by use of the electric current. The members of 
the commission sailed for Europe on Jan 28 and 
expect to spend several months abroad. 

An esteemed contemporary, in commenting on 
the appointment of this commission, wisely re- 
marks that its report will probably serve a use- 
ful purpose by pointing out the limitations of the 
electric process and warning the public, which is 
in danger of being misled by the claims of pro- 
moters of electric reduction processes who are 
selling stock in their enterprises. 

In this connection we note with interest an 
elaborate paper on “The Electric Smelting of 
Iron and Steel” in the “Iron and Coal Trades 
Review” of Jan. 15. The various smelting pro- 
cesses of Stassano, Heroult, Keller, Harmet, 
Schneider, and others, are describedvand their 
claims are set forth, after which our contem- 
porary reaches the following conclusions: 

The conclusions, therefore, which follow from an in- 
vestigation into the electric methods of smelting steel 
are that the conditions under which the actual manufac- 
ture of iron and steel may be profitably carried on by 
electric methods are so rare that they may be said prac- 
tically to be non-existent. M. Heroult himself admits that 
he has for the present laid aside his process for making 
metal in favor of processes whereby he produces tool steel. 
With this latter high-priced product no one will deny 
that there may be a future for electrical processes. So far 
as ordinary smelting is concerned, in ‘‘Engineering News” 
of May 2, 1901, in an able article, it was shown that as- 
suming no loss of heat energy whatever and a theoretically 
perfect furnace, it would require 131 e.h.p. days (of 24 
hours each) to produce a net ton of iron from a 65% ore. 

Our contemporary has rightly interpreted our 
position. What we attempted to demonstrate in 
our editorial of May 2, 1901, was the practical 
impossibility of the electrical furnace competing 
with the blast furnace as a means of reducing 
iron in bulk from its ores; or in other words, to 
make a product to compete with pig iron selling 
for from $8 to $20 per ton. 

If, however, an electric furnace can be made to 
produce a material which can compete with tool 
steel or crucible steel, or any of the higher grades 
of steel, worth, say 5 cts, per pound and up- 
ward, then it will have a chance of commercial 
success where conditions favor its use. 

What these conditions are, it is easy to see. 
The first requisite is a cheap source of power, 
preferably water power, which may be economic- 
ally transformed into electric energy. The sec- 
ond requisite is a supply of ore of a high degree 
of purity. The third item is a fairly cheap sup- 
ply of pure carbon, such as charcoal, for reduc- 
ing the metal from its oxide, for while the elec- 
tric current can supply the necessary heat, the 
presence of carbon is also necessary to overcome 
the attraction of the oxygen for the iron. 

Besides this, it will be evident that any such 
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Popular misconceptions of the methods to be 
adopted to prevent the spread of typhoid feyer 
where epidemics of that disease prevail are well 
illustrated by an editorial article in the Leadville 
(Colo.) “Herald” of Jan. 12. The article has the 
strongly suggestive and very appropriate headi; g, 
DISINFECT; but the objects of disinfection 
are “drains, outhouses and other disease bre: ding 
places,” and the “gutters and alleys” of the city, 
while the disinfectant advised is chloride of lime. 
Not a word is said as to the vital necessity of dis- 
infection of the feces and urine of the typhoid 
patients before they are removed from the sick 
room. Filth in the abstractis made a fetish; specific 
personal infection is ignored. Possibly we ar 
doing the “Herald” some injustice, since in a 
previous number it may have urged disinfection 
in the sick room. Possibly, also, it has advocate] 
other preventive measures by the city govern- 
ment than buying a wagon load, or even ten tons 
of disinfectants and distributing them broadcast. 
Certainly it is to be hoped that it has advocated 
the most thorough control of the water and milk 
supplies and a thorough system of reporting all 
cases of typhoid fever and placing the same under 
efficient sanitary supervision. It may be noted 
here that in a letter from Dr. Soper, published in 
our issue of Jan. 28, he stated that chlorinated 
lime is‘too volatile for effective use and that he 
suggested milk of lime, bichloride of mercury and 
formaldehyde as disinfectants. The milk of lime, 
we take it, would be for use on a large scale; the 
bichloride of mercury for the dejecta of single pa- 
tients, and the formaldehyde for the general dis- 
infection of rooms and their contents. Finally, 
the Leadville “Herald” is to be commended for 
advising thorough-going private and public action 
to prevent the spread of typhoid fever, and it is 
not one whit behind the common conception of 
press and public as to what that action should be: 
All of which illustrates the urgent need for more 
general education in the elements of public sani- 
tation. 


> 


The fack of a system of registering vita! statis- 
tics in three-fourths of the states of the Union 
is in no small degree a contributing cause to both 
epidemic and endemic typhoid fever ani other 
communicable diseases, and is in many other ways 
a hindrance to sanitary progress. At the time of 
taking the last National Census there were only 
ten registration states, including the District of 
Columbia; that is, states whose vital statistics 
were sufficiently réliable to warrant their accept- 
ance by the Census Office. In addition, there were 
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-vistration cities in non-registration states. 


cistration states were, with one exception, 
= » the northeastern part of the country. They 
Spe 4 the six New England states, New York, 


New Jersey, the District of Columbia and Michi- 
combined population of 17,444,280. 


= 153 registration cities in other states had a 
total population of 11,363,989, making a grand 


otal of 28,807,269 out of the 76,000,000 inhab- 


; Since the year 1900 Indiana and Colorado, 


ating to the “Monthly Bulletin of Vital Statis- 
tics” * Michigan, have passed good registration 
laws. There has been some legislation in Illinois, 


put how good the “Bulletin” does not say. An 
immediate effort is to be made, the “Bulletin” 
adds, to secure legislation in all the non-registra- 
tion states whose legislatures hold. sessions this 
winter, including Iowa, Kentucky, Maryland, Mis- 
sissippi, Ohio, South Carolina and Virginia. Some 
of these states already have laws for the collec- 
tion of vital statistics, but the systems in vogue 
are inadequate. Thus, the great state of Ohio, 
with a population in 1890 of 3,672,316, merely re- 
quires, outside of certain cities, tax assessors to 
obtain annually the births ‘and deaths for the 
year ending March 31 and to report them to the 
judges of county probate courts (about .90) for 
record, compilation and abstract. The enumera- 
tions, for the most part, are thus made months 
after the occurrence of the births and deaths; and 
both enumerations and compilations are made by 
men with no special qualifications for or interest 
in their task. Under such circumstances the sta- 
tistics are necessarily incomplete and inaccurate, 
besides serving no purpose whatever in the way 
of warnings against insanitary conditions, as re- 
flected in the deaths from communicable diseases. 
Aside from health officials, no class of men could 
more effectively use morbidity and mortality sta- 
tistics, particularly those relating to communica- 
ble diseases, than could municipal and sanitary 
engineers, but such statistics should be accurate, 
well classified and promptly available. Engi- 
neers of all classes might very properly take a 
hand in extending the registration area to those 
states which are still without a pretence of ade- 
quate vital statistics, while throughout most of 
the registration area they might well use their in- 
fluence to secure greater accuracy and prompt- 
ness in the returns of communicable diseases. 


ESTIMATING THE VOLUME OF RAILWAY TRAFFIC. 


In the great bulk of the railway construction 
which has been done in this country, it has very 
seldom happened that the engineer has been called 
on to estimate what a railway would earn when 
completed. His sole duty has been to lay out the 
line and supervise the construction. The pro- 
moters and financiers who have employed him 
have seldom cared for estimates of traffic. Often 
they have been chiefly concerned in making a 
profit in the construction, unloading the prop- 
erty afterward on some one else. Again a large 
part of the railway mileage in the West has been 
built in advance of the traffic and even of popula- 
tion. Those who built the lines had faith that 
the country would furnish resources to support 
them, and this faith has generally been justified 
in the end, although not seldom a receivership or 
two has occurred before the lines became paying 
enterprises. 

There is good evidence, however, that the day 
of speculative railroad construction is largely 
past. The promoters of a railway project at the 
present time frequently expect from their en- 
gineer not only an approximate estimate of what 
the line will cost to construct, but also an esti- 
mate of what traffic it can command when com- 
pleted. An example of this is furnished in a 


letter recently received, from which we quote as 
follows: 


Sir: As engineers reporting on proposed railway lines, 
we are usually required to estimate the probable volume 
of trac. I think Wellington in his ‘Economic Railway 
Location” estimated the total revenue roughly at $13 per 
head of population per annum. 

Omitting mineral traffic, could not the cities and towns 
be classified; and then the farming community, in pro- 
Portion to the pepulation? I do not suppose it would be 
Some simple addition in the case of cities, but some fac- 
tor by which the number of people served, would have to 


be added to their totals. Any reasonable approximation 
would be very valuable information, and the question 
nearly always arises away from cities among farming 
communities. Goat, 


Baltimore, Md., Jan. 28, 1904. 

The above letter led to a search through en- 
gineering literature to see what data were avail- 
able on this subject. Wellington, in his treatise, 
devoted an entire chapter to methods of esti- 
mating the probable volume of traffic and much 
of what he said is as applicable to present con- 
ditions as when it was written. His tables and 
figures, however, are compiled from the railroads 
of 20 years ago, and not those of the present; 
and this fact must always be borne in mind by the 
user of his book. 

At the time Wellington’s book was written,(about 
1885) the average gross earnings of all the rail- 
ways of the United States per capita of population 
per annum were about $13.50, of which $10 was 
for freight transportation and $3.50 for passenger 
transportation. This, doubtless, is where our cor- 
respondent obtained his figure of $13 per capita. 

These figures, however, are wholly out of date 
at the present day. Taking the earnings of all 
the railways in the United States for the fiscal 
year 1902 from the last issue of ‘“‘Poor’s Manual,” 
and dividing by the total population in that year 
(obtaining by adding 3,000,000 to the census fig- 
ures for 1900), we have a total of $21.80 in round 
numbers, as the average contribution paid by each 
man, woman and child in the country for railway 
transportation.* 

Of course it is to be borne in mind that these 
figures represent a period of abounding prosper- 
ity, when American railway lines were crowded 
with traffic as they have never been before, and 
when traffic rates were well maintained. The 
fluctuation in railway earnings per capita of 
population during the twelve years from 1888 to 
1900, is shown in a table given in Webb’s recent 
treatise on “Railroad Construction,” from which 
we take the following: 


Population; 
(estimated for 
other than Per head of 
Year. census years). Gross. population. 
60,100,000 $910,621,220 $15.15 
61,450,000 964,816,129 15.81 
62,801,571 1,051,877,632 16.75 
64,150, 1,096,761,395 17,10 
65,500, 1,171,407,343 
1893 ++eee 68,850,000 1,220,751,874 18.26 
68,200,000 1,073,361,797 15.74 
69,550,000 1,075,371,462 5.46 
70,900,000 .1,150,169,376 16.22 
350,000 1,122,089,77 15.53 
73,600,000 1,247,325, 16.95 
74,950,000 1,313,610,118 17.53 


If the figures of this table be brought down to 
the year 1902, the latest for which returns of rail- 
way gross earnings are now available, we have, 
as stated above, average receipts per head of 
population amounting to $21.80. 

And now arises the question: to what extent can 
these figures be made a practical guide in estima- 
ting the probable traffic of a proposed railway? It 
seems to us the answer must be: “‘to an ex- 
ceedingly limited extent if at all.” 


These figures show simply that the “mean” in- 
habitant of the United States paid in 1902 for the 
transportation of himself and all the articles 
which he used,—food, clothing, fuel, etc..— and for 
his share of the transportation required by all the 
industrial operations necessary to production, the 
sum of $21.80. Where shall one look, however, 
to find the residence of the “mean” inhabitant? 
On the one hand we have the residents of the 
wealthy cities of the East drawing their food 
supplies from regions one to two thousand miles 
away, and their supplies of raw material—iron, 
coal, cotton, ete.—for use in their industries, 
from a distance quite as great. At the other ex- 
treme we have the residents of the Southern 
mountains, producing little or nothing to send to 
other sections of the country and accustomed for 
®Benerations to life in self-supporting comunities 
which raise from the soil practically all they re- 
fequire. In these latter communities, indeed, traf- 
fic in proportion to pgpulation falls to the lowest 
point.. Wellington found in 1885 that the gross 

*This does not include the traffic on electric railways, 
which are now carrying a large proportion of the subur- 


ban and interurban passenger traffic that was carried an 
steam Trailways twenty years ago. 


~ 


revenue of the railways of the South Atlantic 
States per head of population served was only 
$5.07, and in the state of Florida the rate fell to 
$1.60. 

Let us suppose, however, for the sake of argu- 
ment, that in the laying out of a certain branch 
line of railway whose probable traffic it is desired 
to estimate, the fact is established that the in- 
habitants are fairly representative of the average 
for the whole United States. Can we then make 
any use of this average rate of revenue in esti- 
mating the future traffic? To put the matter in 
plainer form, suppose we are estimating the traf- 
fic of a proposed 20-mile branch line which will 
have a population tributary to it of some 10,000 
persons. Could $21.80 x 10,000 = $218,000 be as- 
sumed as a possible future annual revenue? By 
no means, for the food and fuel and other sup- 
plied brought to these 10,000 people, and their 
products taken away in exchange are carried not 
merely over the 20-mile branch line whose traffic 
we are trying to estimate, but over perhaps five 
hundred or a thousand miles of connecting rail- 
ways. The great bulk of this contribution of 
$218,000 from these people will go, therefore, to 
the main line railways and only a small part to 
the local branch road. 

It is evident, then, that figures of average 
traffic per capita cannot be used to estimate prob- 
able volume of traffic; first, because we cannot 
estimate, save in the most general way, what 
average traffic payments the population along the 
line will yield; and, second, because even if we 
knew this we could not tell what division of the 
sum might be made between the branch railway 
and its main line connections. 

We do not find, on examination of the author- 
ities, that estimating revenue directly from popu- 
lation served has been advocated by writers on 
railway location. Wellington gave, it is true, 
voluminous tables of figures upon this point; put 
he gave them chiefly as data for estimating the 


rate of growth of railway traffic; and he distinctly .- 


recommended that estimates of probable future 
traffic be based on ‘‘the probable number of trains 
a day.”” Webb, in his recent treatise on ‘Rail- 
road Construction,” says that estimates based on 
average traffic produced per head of tributary 
population are unreliable and only valuable as a 
rough check on other methods. 

The method which Webb recommen®&s is an 
actual study of the route and a determination of 
the probable output of factories, mines, etc., along 
it. Added to this would be an estimate of the 
amount of farm produce and lumber which might 
be fairly counted on, and an estimate of the pas- 
senger traffic based upon figures from some ex- 
isting railway operating in a similar region. 

We may add that the above estimate relates 


» chiefly to the outgoing traffic and that something 


may be added for the merchandise traffic, fuel, 
ete., shipped inward, and for this purpose figures 
of the population served might be a helpful guide. 

There is another matter which must be borne in 
mind in investigating the question of the revenue 
a proposed road can secure. It is the rate which 
the traffic will bear. 

One of the commonest and very best ways of 
forming an opinion whether a given road will pay 
or not, is to examine the revenues of some other 
road in a similar locality, serving a similar class 
of population. In making such a comparison, how- 
ever, the rates charged must not be overlooked. 
There are branch line railways in the United 
States which charge an average freight rate 
per ton-mile as high as 5 cts. or 10 cts., and even 
up to 20 to 30 cts.; and in most cases these com- 
panies are obliged to charge such high rates in 
order to pay their operating expenses. 

In reporting on a railway project, therefore, it 
is important not only to consider the probable vol- 
ume of traffic, but also what rate can well be 
maintained upon that traffic without driving it to 
some other means of transportation or so ham- 
pering industries as to check and limit their 
growth, 

In congtu@ing this brief review, a word may not 
be amiss as to whether such work as the estima- 
tion of traffic, of reéyenue, of expenses and of 
final net earnings after all to the engineer. 
It is sometimes said this is commerce or eco- 
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nomics and not engineering. We maintain, on the 
contrary, that it is actually engineering work of 
the highest class, and, we may add, the most re- 
munerative. It belongs, we maintain, to the en- 
gineering profession because the members of that 
profession, if they have the breadth of mind and 
judicial training that they should have, can per- 
form it better than anyone else. 

To make the work of the engineer merely that 
of a skilled measurer and an expert judge of ma- 
terials, is to degrade the profession to mere com- 
puters and testers. The largest rewards of the 
profession are reserved for those whose grasp of 
affairs is such that they can deal with the intri- 
cate problems of economics and industry and 
foresee the safety or the danger of new 
fields for investment offered to capital. 


LETTERS TO THE EDITOR. 


The Results of a Break in a Canal Embankment. 


Sir: Upon looking over some old notes recently, I found 
a photograph of a break in the Erie Canal which may 
be of interest to illustrate the dangers, both physical 
and financial, attending navigation upon the Erie Canal. 


and throwing the ice still further to one side. Thus, by 
working two shovels one ahead of the other and on two 
tracks next to each other, the ice was removed quite fast 
and cheaply. Yours very truly, Gordon 8S. Meek, 
Civil Engineer for P. & C. Dock Co. 
Conneaut, Ohio, Jan. 28, 1904. 


The Use of Marking Rods to Mark the Position of 
Sewer Branches. 

Sir: In your issues of Dec. $1 and Jan. 14 reference 
was made to the use of studs for marking the location of 
branches left in sewers. The writer's sewer specifications 
contain this clause: J 

MARKING RODS.—1 x 2-in. marking rods will be 
placed at each branch and shall extend vertically from 
the sewer to the street surface. The top four feet of these 
markers shall be creosoted material. The price of these 
markers shall be included in the price bid for branches. 

In practice these markers are made to extend a few 
inches above the surface of the street, and the creosoted 
material is simply tacked to an inexpensive lath below. 
The upper portion of these markers will rot out more 
quickly than the lower portion because more subject to al- 
ternate wet and dry conditions, hence the advantage of 
using creosoted stock; the preservation of the upper four 
feet is all that is required. Besides affording an easy 
method of locating the branches without digging down to 
the sewer, the temporary advantage of this practice is to 
enable the engineer to check the record of the branches 


A BREAK IN THE ERIE CANAL AND ITS RESULTS. 


The break occurred near Hoffman's Ferry, June 5, 1895, 
and was described in the ‘‘Transactions of the Associ- 
ation of Civil Engineers of Cornell University,’’ Vol. IV. 
The picture has not been published, to my knowledge, 
and though the event happened several years ago it will 
be a novel sight for many of your readers. 
Yours truly, Albert J Himes. 
521 Hicks Buflding, Cleveland, O., Jan. 4, 1904. 


Removing Ice from Railway Tracks with a Steam Shovel. 


Sir: A somewhat novel use of a steam shovel has been 
made this week at Conneaut Harbor, Ohio. During the thaw 
and consequent freshet of the Conneaut Creek, last week, 
the yards of the Bessemer & Lake Erie R. R. and the 
Pittsburg & Conneaut Dock Co. were flooded and covered 
with floating ice. When the water had receded to normal 
in the creek, a large part of these yards was left covered 
with cakes of ice piled to a height as great as 4 or 5 ft. 
in many places. This condition entirely prevented the 
movement of any trains in or out from the yards; con- 
sequently stopping the shipment of any iron ore. In or- 
der to get a through track cleared quickly, one of the 
Dock Company's steam shovels was started in and made 
a cut through the ice wide enough to let an engine 
through. The ice thus removed was simply thrown to one 
side of the track. This method was found to be very fast 
and economical, inasmuch as this one shovel with the ‘op- 
erators and four men on the ground cleared nearly a 
much track in one day as 50 men working with picks and 
shovels. After getting one track clear, another shovel 
was started on the track next to it, making a second cut 


even after the sewer is covered up. The exposed part of 

the markers can be driven flush with the street surface 

after the backfilling has been properly completed. The 

markers cost 6 cts. each, a trifling addition to the cost 

of the sewer. Very truly, Alexander Potter. 
143 Liberty St., New York City, Jan. 22, 1904. 


ap 


A Rule for Dropping Decimal Places. 


Sir: At a recent meeting of engineers in this city the 
following rule for dropping redundant places of decimals 
in computations was discussed: ‘“‘If the last figure is 5, 
discard it, and make the preceding figure, which is to be 
retained, even.’’ For example, if you have 2.75 and 2.65 
and wish to express the two quantities to tenths, either 
for convenience or because the last place is hardly justi- 
fied, the first one by the above rule becomes 2.8 and the 
second one 2.6. This rule is to be used in conjunction 
with the usual rules: If the discarded figure is greater 
than 5 increase the preceding figure by one, and if the 
discarded figure is less than § simply drop it. These 
two latter ‘‘rules’’ can hardly be called rules, for what 
they prescribe is evidently the only course to follow. 

In discussing the subject the following rule was thought 
by some to be easier to use and ‘‘accurate enough”: 

When the quantity ends in 5 drop the 5 and increase the 
preceding figure by one. 

By this method, in the above example, the first of the 
quantities becomes 2.8 and the second 2.7, their sum 
being 5.5, whereas by the first rule mentioned their sum 
is 5.4, the sane as obtained by retaining the hundredths. 

The question is brought to your consideration with the 


desire of having it placed in your correspondences 2 
to ascertain the practice of engineers in gene-. 
Yours truly, A. 

1233 12th St., N. W., Washington, D.C. Jan ; 4 


The Grand Forks Typhoid Epidemic of 189: . 

Sir: Regarding some of the questions rajcc: 
Soper in his very interesting and valuable com» 
in your issue of Jan. 21, regarding the Grand | 
phoid epidemic: While I cannot claim to offer }, : 
at first hand, some may be presented on what » 
ally be accepted as fairly good authority. In vy 
Part II., of the Report of the Tenth Census of 
States, there is given a description of the Red L.; 
in which, on p. 90, the following statements app... 
distance from source to mouth in a straight » 
miles; by river it is over 200 miles.” And fy, 
“The river below Red Lake is very crooked, 0: 
of 33 miles by land including about 100 miles }. 
The map of Minnesota, in the Continental Atlas, - 
stream between Grand Forks and Crookston :. 
crooked, and it therefore seems safe to concluc. 
distance ‘‘60 miles’’ given by your correspond: 
to the water distance, while the “26 miles” giy. 
report of the State Board of Health is the air linc 
It may be here added that a comparison of the 
the epidemic as it first appeared in the Engineer >. 
(May 22, 1895), with the report of the State | 
Health upon it, shows but the single discrepa:, 
discussed, 

In the matter of population, the figures given /., 
Forks by the last three censuses are: 1880, 1,7)... 1. 
4,979, and 1900, 7,652; from which, as the epid: : 
curred between three and four years after the cep<u~ of 
1890, Dr. Soper’s estimate of 6,000 seems entirely f 
The discrepancy as to the duration of the ep: 
whether four or five months, has been due to a -) 
my part, and the figures given were those for five months 
It is to be regretted that this epidemic did not «a\ 
a Sedgwick or a Soper, but it is to be remembered : 
took place but a few months, we might say, after 1). firs 
scientific investigations of typhoid in this country 


published, and when one recalls the large number of jn- 
teresting and valuable experiences with this disease that 
have passed unnoticed in communities among our most 
enlightened medical men, we cannot be too critical of 
those who struggled in that distant frontier town when at 
least one in every five were falling victims of the disease: 


for I think all who have studied such matters agree that 
even in epidemics the amount of typhoid is underrated 
rather than overrated whenever a record of cases is made 
There must be among the readers of Engineering News 
some who have further knowledge of this matter, and we 
would hope they may see fit to sHare it with us. 
Very respectfully yours, 
’ Gardner S. Williams, M. Am. foc. © E. 
Hydraulic Laboratory of Cornell University, Ithaca, 
N. Y., Jan. 25. 1904. 


Is the Cost of Sewer Trenching a Function of the Depth 
of the Trench? 

Sir: Referring to the criticism made upon my commu- 
nication to the ‘“‘News’’ on Nov. 12, 1903, I wish to say 
that you misunderstood the meaning of the communica- 
tion entirely. The title you gave it is a misnomer to 
start with. It was my intention to have the letter headed 
“The Price of Sewer Trenching To Vary With the Depth 
of the Trench.”’ 

I never intended, nor does the letter so state that I 
proposed to deduce formulas either theoretically or em- 
Pirically that would give the cost of trenching, considering 
all of the elements which go to make up the cost of such 
work. I simply wished to show that the work involved 
in increasing the depth of the trench, or decreasing it, as 
the case might be, did not vary uniformly and conse- 
quently the same percentage would not apply to all depths. 
Therefore I did not take the trouble to make a strictly 
theoretical calculus deduction of formula No. (2), but now 
see that the purpose would have been better understood 
had I done so. The calculus demonstration was of value 
only in showing the analogy between the formula derived 
theoretically and that derived from the actual sewer bids. 

It appears to me that a formula such as No. (2) or No. 
(3) applies as truly to the work of raising earth from a 
trench as do many formulas which apply to physical laws. 
Does not the electrician apply many formulas, derived the- 
oretically, to the design of electrical apparatus and find 
them to be practically correct? Does any one object to the 
use of higher mathematics in deriving the laws of the 
flow of underground waters or the interference of 0° well 
upon another, such as Prof. Slichter has done? In the lat- 
ter case there are many factors unknown, and, no doubt, 
impossible to consider, yet the formulas derived by him 
(see U. 8S. Geol. Survey Reports, Vol. 19) are substa' tially 
correct, as I am prepared to prove by actual tests. 

Perhaps you would be surprised at the assertion more 
than you have been at my calculus application to ‘™ neh- 
ing, if I should remind you that trees in New Jersey for- 
ests grow in diameter and height according to some math- 
ematical law which fs nécely shown by curves in the 
N. J. Geol. Reports on Forests of 1899. I mention these 
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siustrat +o show that it is not an unusual thing to 


-aatical formulas to physical laws. 


of -etend to claim that, taking a variety of soil 
: “ “few sewer bids would show the laws I claim 
condit! 1 but I do claim that if you will study the bids 
a = »structed all over the country for a period of 
ne . done by the writer in deducing formula No. 
@f ‘ fnd, as I have done, that the average price 
pro izes of sewers shows that the cost varies as 
the depth of the trench and consequently 
ve va derived by calculus shows the proper form 
of the on. I elaim that by use of formula No. (3) 
a conti r, familiar with the work involved in laying 
a given »f sewer at a certain depth in a particular 
locality , arrive at the probable cost of the work for 
other s : pipe and other depths of trench under simi- 
jar cond Respectfully, 
W. G. Kirchoffer, Consulting Engineer. 

Baraboo, Wis., Jan. 16, 1904. 


A Vest-Pocket Table for Strength of I*-Beams and Chan- 
nels Used as Beams. 

Sir: I om sending you herewith a blue-print of a table 

that I find quite useful (the table is reprinted below.—Ed). 

jt is not always handy for a man to carry a Carnegie 


handbook around, and this little table will give all the in- 
formation 2 man wants for immediate reference. You will 
note that the carrying capacity of I-beams and channels 
is made out for 10-ft. span, this being the most convenient 
span to baye in @ table, as the carrying capacity of any 


beam or channel can readily be figured from this, espe- 
cially with a slide rule, 


The carrying capacity of a beam being inversely propor- 
tionate to the length of the span, I set the index of the 
reversed scale opposite the carrying capacity for 10-ft. 
span, and opposite any length of span on the réversed 


seale | read on the slide the carrying capacity of the 
beam for that length ef span. 


an average and probably contained about 5% of the alka- 
line earth, etc. The cement used in the tests was Atlas 
Portland with a fineness of 99.8, 95.6 and 87.6%, passing 
a No. 50, 74 and 100 sieve, respectively, and having an 
average tensile strength of 804 Ibs. per sq. in. on a seven- 
day test. 

Strength, per sq. in.————, 


Age. 1 2sand. 1cement, 3 sand. 
333 Ibs. 292 Ibs. 


The age given is in days, being one day in air, balance 
in water, and the strength in pounds per sq. in.; 10.5% 
of water was used in the mixture. 

These tests are of especial interest in the following re- 
spects: (1) The original seven-day test showed greater 
strength than mixtures made from standard sand free 
from all foreign matter. (2) The latest tests are among 
the longest on record and indicate a continuous gain in 
strength with age. 

Captain Chittenden states that the structure, although 
exposed to all the rigors of a cold climate where tne tem- 
perature falls as low as 50° below zero, afd’ where no 
part of it stands in water, but is subject to the action of 
a very dry atmosphere, seems to be in perfect condition 
with no evidence of weakness or disintegration in any 
part. 

It is difficult to understand, in the fineness test given 
in the thesis quoted by Mr. Sherman, how the No. 
74 sieve arrested more of the cement than the No. 100 
sieve, Very respectfully, 

J. M. Lewis, City Engineer. 

Sioux City, Ia., Dee. 24, 1903. 

(In reply to the last sentence of the above let- 
ter, it may be explained that the figures in the 
article in our issue of Nov. 19 represented the re- 
sults of actual tests. The percentages given re- 
ferred to the amount of cement remaining on any 


SAFB LOADS ON I-BEAMS AND CHANNELS, 


Load in Tons, Uniformly Distributed, 10-ft. Span. 


24", 207, 18”. 157, 12” 
80-Ib. 65-1b. 55-1b. 42-Ib. 314. db. 
Safe load, tons ...... 928 62.4 47.2 31.4 19. 


Add pr 1b. ine, in wt 0.64 0.52 0.48 0.40 032 


I-Beams, 
21-1b. 18- Ib. 15-ib. 195 ‘Ib. sib. 7%4-Ib. 546-Ib. 
13.0 10.1 7.59 6.52 Ap. 
0.26 0.24 0.21 0.18 O13 0.11 0.08 
Channels, 

“15”, 


10”, 
33-1b, ib. 15- 5-Ib. 


9%-Ib. 8- lb. 


13%4-1b. 11421. 
Safe load, tons .... 7.1 5.61 4.31 334 231 
Add per Ib. increase in weight .........+.-....s.000e. 0.39 re 0.26 0.24 0.21 0.18 0.16 


There is no particular feature about this table, except its 
convenience, being made out in small enough size to be 
carried in an ordinary card case. If you think it worth 
publishing for others to copy, I shall be glad to have you 
use it in this manner. Respectfully yours, 

J. A. Holmboe. 

Snead Iron Werks, Lewisville, Ky., Jan. 15, 1904. 


Effect of Removing Cement Briquettes from Water for 
Varying Lengths of Time Before Breaking. 
] Sir: Relative to the article in Engineering News of Jan. 
T on the effect on the tensile strength of cement of re- 
: moving briquettes from water for varying lengths of time 
before breaking, I noticed similar results in the Sanitary 
District of Chitago cement-testing laboratory in 1896. 
Some extra briquettes of Portland cement that were 
taken from the water and left on a shelf out of water, to 
be broken as occasion required to illustrate the method 
to visitors, showed a marked decrease in strength, fol- 
lowed by a gradual recovery of strength similar to the 


upper curve given by Prof. Van Ornum, thowgh the test 
‘ was not made systematically as to intervals of time, since 
‘ such results were not looked for, Stranger yet was the 
: following: It was noticed that when a complete set of 30 
d briquettes (meat) were taken from the water all at once 
‘ and broken in order, there was almost always a decrease 
| in strength noticed toward the last of the set, even though 
' only a few minutes, less than an hour, elapsed ftom start 
: to fish. My recollection is that in very warm weather 
; the last five of a set of 30 neat Louisville or Utica ce- 
2 ment briquettes would average at least 10% or 15% lower 
; than the first five and they were probably broken at about 
; the rate of one per minute. 
: What is the explanation for so sudden a change on dry- 
: ing out? Has the water tensile strength by some sort of 
: capillary attraction in the pores of the cement? 
4 H. P. Boardman. 
. . & St. P. Ry., Milwaukee, Wis., Jan. 18, 1904. 
1e 
Tests of Cemest Mortar Made from Sand Containing 
11 Alkaline Earth. 
t- Sir: In connection with the article by C. E, Sherman, 
t, publ shed in Engineering News of Nov. 19, 1903, on the 
m “Effect of Clay and Loam on Cement Mortar,"’ the follow- 
ly ing t ‘ests, Made from the materials used in the construc- 
tion of Golden Gate concrete highway bridge, Yellowstone 
re National Park, may be of interest. The sand used in the 
h- tests was submitted to this office by Capt. H. M. Chit- 
r- tender Corps of Engineers, U.S.A., from the pit men- 
h- Noned in the article above referred to, and was used in its 
he natura! state. 


No tests were made to determine the per- 
centage of foreign matter, but the — was selected as 


given sieve after the next coarser sieve had re- 
tained its portion. The amount passing a No. 200 
Sieve should also have been stated. This was 
about 73 and 75 per cent., respectively, for the 
Dyckerhoff and Lehigh cements, leaving about 1 
per cent, lost in the air, or adhering to the sieve.— 
Ed.) 


a 


The Deterioration of Concrete in Coke Oven Foundations. 


Sir: In your issue of Jan. 21 I notice an inquiry about 
using concrete for lining of bee-hive coke ovens. In 
building a bank of 108 bee-hive ovens at Superior, Wis., 
the past summer, Portland concrete in the proportion of 
1—3—5 was used for a footing course and the apparent ac- 
tion of the heat upon this may have. some bearing upon 
the subject. 

The footing course w&s built approximately level, and of 
trapezoidal cross-section, more for convenience of con- 
struction than anything else, about 18 ins. on top, 12 ins. 
en th: bottom, and 6 ins. deep. The brickwork rested di- 
rectly upon this. Sand was used to grade the bottom of 
the ovens for laying the bottom tile on a slope of about 
14-in. per foot from back of oven to the door. This gave 
a depth of sand above the footing course of about 2 ins. 
rear the door and about 8 ins. at the back of the ovens. 

After the ovens had been in operation for about two 
months the writer examined the footing courses of several 
ovens, and found in each instance that the concrete had 
held its shape well, but had apparently lost much of its 
strength. 

When the examination was made the concrete was too 
hot to be handled with bare hands; it could be broken 
readily with an ordinary shovel; its color was a rather 
lighter shade than ordinary concrete and uniform through- 
ott; it was almost impossible to distinguish the sand and 
eement from the crushed rock; the broken surfaces had 
a chalky appearance. 

Several specimens about the size of 2-in. crushed rock 
were doused with water until cool enough to be handled; 
so far as I could see, they showed no signs of cracking and 
gained somewhat in hardness at the time, but, at the 
present time, after being in the air for three months, they 
are crumbly and can be crushed ‘with the thumb and 
fingers. Yours truly, 

Chas. H. Hoyt, C. E. 

1402. Tower Ave., Superior, Wis., Jan. 26, 1904. 


{This very interesting statement of fact is in 
accord with the 200 tests made by J. S. Dobie and 
recorded in the “Digest of Physical Tests and 
Laboratory Practice.” Mr. Dobie found that cement 


_methods for mixing concrete by hand. 


mortar briquettes heated slowly to 1,000° F. lost 
from 14 to 98% of their tensile strength. Such 
high heat drives off the chemically combined 
water of crystallization, and in proportion to the 
amount of such water lost is the mortar weak- 
ened. Obviously the thickness of the concrete and 
the length of time that it is subjected to high 
heat are both important factors in the loss of 
water of crystallization.—Ed.] 


The Use of Rakes in Mixing Concrete. 


Sir: It is with a great deal of interest that I have read 
the discussions in your columns concerning the best 
As I have not 
seen anything said as regards the way we mix it here I 
thought that maybe our method is entirely out of date. 
I will describe our method as best I can, and would ap- 
preciate any suggestions you can offer as to the faults 
in this method. 

We first spread a layer of broken stone or gravel, say, 
two cubic yards. We smooth this off in a layer 8 ins. 
or a foot thick. Then we put on this the required amount 
of sand, and smooth this off level; then on top of this we 
spread the cement. Now we shovel the gravel from around 
the edge of the pile up on the center. Then a couple of 
shovelers begin to turn this mixture over, commencing 
at one end, another man raking the mixture all the 
while. Generally one turning is sufficient to thoroughly 
mix them dry. Then we again turn the mixture over, 
and, while two men shovel, one rakes and one applies the 
water. We believe that the cement and sand get better 
mixed with the gravel or stone by turning dry and then 
turning wet. And also at the end the stone is more thor- 
oughly covered. Any suggestions concerning this method 
will be greatly appreciated by 

Yours very truly, 

Nashville, Tenn., Jan. 27, 1904. 


W. T. Hardison, Jr. 


The Mixing of Concrete. 


Sir: The writer has been greatly interested in the let- 
ters on concrete mixing which his first communication on 
the subject called forth. 

In his first letter he mentioned the use of bottomless 
boxes to measure stone and sand. Some of the contribu- 
tors to the discussion seem to have overlooked the fact 
that he recommended putting in the cement by weight. 
It is the only proper way, and a matter easily arranged. 
One way is to use cement in bags and make each batch 
of a size to require one bag of cement. 

It seems to be immaterial how the aggregates are 
handled so long as the mixing is thorough. From the 
standpoint of the contractor, that manner of mixing is 
best that calls for the least handling by the laborers, and 
at the same time is thorough. Since the matter is now 
up, the writer will say that a test has lately been made of 
the method he mentioned (which is in commoner use than 
many Eastern engineers seem to believe), and of the 
method of first mixing the sand and concrete. The two 
concrete constructions could not be told apart, as the 
mixir~ was well done, but the gain in time made a re- 
spectahle per cent. The writer has handled enough con- 
crete work to entitle him to the belief that he knows 
something about it. In spite of the opinions of men whom 
he knows are competent to discuss the subject, he holds 
that by mixing the concrete dry and sprinkling the water 
on last, the output per man per day is considerably in- 
creased over the mortar and stone method, while the mix- 
ing is no less thorough. 

The cheapest way to mix concrete by hand is to spread 
the stone on a tight platform in a layer as many inches 
in depth as the stone forms part in the mixture. On this 
spread the sand and on this the cement. Turn it over 
twice, putting the shovels in at the bottom and allowing 
the aggregates to fall instead of being thrown. On the 
third turning add water (preferably from a sprinkler 
nozzle), and turn it over a fourth time while wet. 

It is simply the question of cost we are to consider, not 
adherence to any particular method, so long as all meth- 
ods properly followed secure equal efficiency. Some seven 
or eight years ago the writer in a discussion in Engineer- 
ing News advocated a wetter concrete than most engi- 
neers at that time believed in. He was not prepared then, 
however, to recommend ‘‘mushy’’ mixtures. With the ad- 
vent, however, of steel concrete, he has seen concrete 
poured into forms. Such a wet mixture is necessary to 
secure the close contact so essential between the steel 
and the concrete, provided there is no hurry in drawing 
forms. Where work is to be done quickly and forms used 
over and over, the mixture should simply be wet with a 
certain percentage of water and then tamped until it 
quakes freely. The dry powdery mixture rammed into 
place is not so good. The tamping is simply to force the 
stone into the mortar, and anything more will disturb 
the forms. 

The writer takes it for granted that hand mixing on 
extensive jobs is nearly a thing of the past. 

Yours truly, Ernest McCullough, 


Engineer Municipal Engineering & Contracting Co. 
St. Louis, Mo., Jan. 30, 1904, 
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The Method of Finishing the Concrete Surfaces of Philadel- 
phia Bridges. 

Sir: Wesponding to your invitation in this week’s issue, 
I submit the method of finishing the surface of concrete 
that is ,.aseribed on city bridge work in Philadelphia, 
and that ha: >een practiced during the past season. 

It is to renwwve the forms while the concrete is still 
“green,” and simply wash the surface with water, squirt- 
ing it on with a nozzle if the work is soft enough, or, 
if harder, using a scrubbing brush. If the cement be too 
hard to wash off it must be cut by hard rubbing with a 
brick or a wooden float and sand, using plenty of water. 
The removal of the cement exposes the sand and grit or 
pebbles or stone—whatever the aggregate used may be— 
leaving a surface that is mostly stone, and is probably as 
little subject to discoloration and cracks as stone, and 
as durable as any plastic material can be made. 

The age at which the concrete is in suitable condition 
for washing depends upon the character of the cement, 
the wetness of the mixture, and the temperature of the 
air. Generally 24 hours will give proper hardness. In 
summer the forms have been removed in eight hours with 
satisfactory results, and in cold weather when the planks 
were left on to prevent freezing, concrete that had been 
put in very wet was found at the end of a week to be 
green enough to wash. , 

The washing must always be done promptly after re- 
moving the forms, because the surface hardens rapidly 
when exposed to the air. 

This method requires that the forms be constructed so 
as to permit the removal of the lower planks without 
disturbing the upper, which is easily accomplished by 
leaving, say, 6 ins. space between the studding and the 
planking, and backing the planks independently against 
the studs with wedges, and tacking them there with small 
cleats, 

The finish obtained by washing {s rough or smooth, as 
may be desired, and as the cement be soft or hard, and 
light or dark, according to the aggregate used. Screen- 
ings of crushed dark stone—such as trap-rock—up to 
\%-in. in size, with Portland cement in the proportions of 
1 of cement to 4 or 6 of screenings, make a facing mortar 
that will wash up dark and rough. Our specifications re- 
quire face work to have a stiff granolithic facing mortar 
laid against the form just ahead of the placing of the 
concrete, thus preventing the appearance of voids and the 
necessity of patching. 

An important advantage in doing the finishing when the 
surface is soft is the ease of removing blemishes, such as 
the fins caused by joints in the forms, and a washed sur- 
face prevents the eye from noticing the effect of warped 
planks in the forms, and is handsome withal. Work that 
has been finished by ‘“‘whitewashing” or painting with thin 
cement shows the imprint of every plank, and often shows 
also wildly waving brush marks that identify every shift 
of position of the painter, and in many cases suffers from 
peeling of the coat. 

I send you herewith a specimen of facing, in part 
washed rough and in part as left by the form. 

Henry H. Quimby, M. Am. Soc. C. E. 
Assistant Engineer (Bridges), Bureau of Surveys. 
Philadelphia, Pa., Jan. 30, 1904. 


(The specimen sent by our correspondent shows 
very clearly the decided improvement of appear- 
ance resulting from washing the surface. The 
dark blue color of the trap-rock screenings is 
brought out distinctly by washing off the cement, 
thus affording a relief from the monotonous gray 
of the cement. Red sandstone screenings used in 
the same way would doubtless give an excellent 
effect. By way of contrast, the coping might well 
be faced with screenings of a color differing from 
that of the screenings used in facing the body of 
the wall.—Ed.). 


Automatic Stops as Adjuncts to Block Signal Systems. 


Sir: While preparing drawings and blue prints of our 
distance brake apparatus Mr. Schiesser sent me Engineer- 
ing News of Feb, 19, 1908, containing a very interesting 
article on the subject of automatic brake setting for rail- 
way trains, which I had not seen before, and also an ex- 
tract from the report of Mr. F. G. Ewald, Consulting En- 
gineer Illinois Railroad & Warehouse Commission. 

Studying closely the article referred to I find that our 
apparatus fills most, if not all, of the requirements you 
consider essential in an ideal appliance for the purpose. 
To begin with, our apparatus is the invention of a prac- 
tical *--omotive engineer, Mr. Jac. Graber, Master Me- 
chanic in the Zurich Locomotive Shops of the Swiss Rail- 
way, who, as may be assumed, is a man perfectly fa- 
miliar with the subject. 

Even if the practice of running trains and of signaling 
in European countries may differ in certain respects from 
that in this country, it does not follow that our ma- 
chine would not do its work here as well as there, and if 
requirements should be somewhat different here slight 
modifications in the application of the apparatus could 
easily be made. 


You lay great stress, rightly, I think, on the fact that 


railway managers have no means of knowing when an 
engineer runs past block signals at danger unless his 
disobedience results in an accident. Our appliance records 
every such failure on the part of an engineer. Your ar- 
ticle further says, that such a device should operate by 
applying the brakes and preferably also by closing the 
throttle. Our apparatus performs the first part of this 
requirement with absolute certainty; for the second part 
no provision has as yet been made, but I can see no rea- 
son why this could not be done if desired and without 
complicating the apparatus in the least. 


against H, and the S-shaped lever ¢ with its uy... ... 
the form of a pafl engaging with a notch in +). = “ 
The drawings show the relative position of th. mm 
each other and the manner of their working. —_ 
The pendulum lever h is suspended from a 
is bolted to an equalizer-bar or an axle-box | _ — 
maintain h at the same distance from the 
containing the apparatus is fastened to the :;. Pod 
engine or the truck of a car and follows the ». oe 
tions of that. The case as well as the platen . .... = 
vided with vertical slots to permit a vertica! ane 
of about 3 ins. withs 
ing the fulcrum of ¢).. 
On striking the con H oe 
lever h is deflected, Deng 
ing against one of tho © ses 
or of the S-shaped 
cording to the direction of 11, 
impact, will disengage 
c, permitting the plarcy 4d to 
drop. To insure a fall 
a is further forced downward 
by the coil-spring on ; ipper 
end. The platen d ca;; ona 
projection on its upper end the 
roller d3. In falling, th roller 
opens the exhaust yalyo y of 
the air brakes by slidi along 


the curved valve-lever 

This is, in substance, the con- 
struction and operation of our 
apparatus in its earlier form. 
In simplicity of construction 
and promptness of a: tion it 
leaves nothing to desire, 
practical operation suggested 
several improvements. One 
chance for improvement was 
that the platen d after having 
dropped had to be pulled back 
to its initial position by hand, 
by means of a chain or wire 
rope running over pulleys to 
the cab. Although this ar- 
rangement worked well it left 
too much opportunity for med- 
dling; by simply fastening this 
chain or rope the platen could 
be prevented from falling, and 
in that way the apparatus be 
made inactive and control im- 
possible. 

One of the improvements cn 
the earlier form, therefore, is 
the introduction of the reset- 
ting attachment. This attach- 
ment, also very simple in con- 
struction, works automatically 
and leaves no chance for med- 
dling. On the drawings there is 
seen on the left side of the ap- 


but 


Sectional: Side Elevation. End 


DETAILS OF THE SWISS DISTANCE BRAKE OR 
FOR RAILWAY TRAINS. 


As to the location of the contacts I do not think there 
could be any objection to have them placed at the dis- 
tant signal if so desired. It is, as your article states, 
wholly inadmissible to have the brakes thrown on every 
time a train passes a distant signal set at caution, but 
this need not be done if the engineer attends to his duty. 
I will refer to this subject further on. I make mention 
of the location of the automatic stops only for the purpose 
of demonstrating the ability of our apparatus to accom- 
modate itself to existing conditions. 

I am well aware of the difficulties that beset the signal 
engineer in the operation of long lines of wire or pipe 
connections, but as this is a matter by itself I think we 
should leave it to him to decide on location and other 
details, confining ourselves to the supplying of an ap- 
paratus that does the work expected of it wherever placed. 
I may add, however, that our contacts can be arranged to 
indicate danger if a wire or pipe connection breaks. 

Mr. Ewald, in mentioning a German device of this sort 
which gave excellent results in trial tests, and which as 
a result of these demonstrations was to be put to prac- 
tical use on parts of German and Russian state railways, 
is evidently referring to our apparatus. It has been 
adopted by the state railways of Baden, Austria, Switzer- 
land, byethe Jura-Simplon system, the Sihl-Valley R. R., 
and, according to advice from the home office, negoti- 
ations with French, Prussian and Russian railways are 
pending. 

The accompanying drawing illustrates the apparatus. 
The four principal parts coming into action at an auto- 
matic setting of the brakes are the revolving contact piece 


HH, carried on the arm of a shaft journaled in boxes 


fastened to the rails; the pendulum lever h striking 


paratus the valve o; this valve 
is connected with the pressure 
line of the brakes. The platen 


d in falling opens this valve, 
the boss 4 pressing against the 
valve-lever s. Pressure is then 
admitted to the resetting cylin- 
der 1, whose piston-rod n will 
lift the platen again to its nor- 
mal position. The time in which this resetting takes place 
can be modified by the screw q, which regulates the ad- 
mission of ‘compressed air to the cylinder 1. 

The piston of the resetting cylinder raises the platen 
somewhat higher than to its normal position in order to 
insure a certain engagement of the pawl c, and also for 
the purpose of releasing the catch t which holds the valve- 
lever s until the platen has reached its highest position, 
when the little boss 6 effects the release. 

After the valve o has been closed the piston slowly 
descends under the pressure of the coil-spring in the cylin- 
der, the enclosed air finding an outlet through a small 
central bore in the valve stem of o, leading to the right- 
hand chamber of the valve. This bore is closed by the 
short arm r of the lever s while the valve is open, but 
after the release of s no appreciable resistance is offered 
to the escape of the air. The cycle of these operations 
takes place in from two seconds to two minutes, accord- 
ing to the regulation of the screw q. The apparatus in 
its present form, while the extreme simplicity of the 
former arrangement in regard to its working is main- 
tained, makes it independent from any interference on the 
part of the engineer; in fact, it makes it impossible for 
him to interfere, while at the same time it records any 
failure on his part to attend to his duty. 

I made mention of the undesirability of having the 
brakes thrown on at every signal set at caution; a* our 
apparatus would do that, I have designed a simple at- 
tachment which will overcome this difficulty. From the 
pressure reservoir I lead a pipe to the cab. At its upper 
end this pipe carries a vgive, the handle of whi) is 
connected with the brake handle and can only be ope sted 
in conjunction with the brake. Another pipe leads ‘rom 
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the valve to tbe resetting cylinder of the automatic brake 

e yaive 

apparatus. on of this device would then be as follows: 
The 01 ~ approaching a green signal set against him 

lr, orally shut off steam and apply his brake 

would reduce speed; but by applying his brake he 


in ordes . admit compressed air under the piston of the 


would 2! vlinder, which piston, rising, would prevent the 
resetting . descending and consequently prevent the set- 
brakes. Should the engineer fail to apply the 
— ; our apparatus would do it for him and make 
el his failure. 

I may be permitted to repeat my statement that what- 
ever the ditions in regard to signaling on different 


roads may be our apparatus will readily adapt itself to 
different requirements. Very respectfully yours, 
G. L. Schiesser & Co., 
Geo. G, Wacker, Consulting Engineer. 
New Yor) N. Y., Dee. 22, 1903. 


Concerning Requirements for Admission to Engineering 
Societies. 


sir: The letter of Mr. Colles in Engineering News of 
Jan. 28 seems to the writer timely. In 1890 or 1891 the 
writer wrote a letter to your esteemed paper outlining 
quite a plan for examining engineers. The idea was to 
have different grades of membership in engineering so- 
cieties. All admittance should be by examination to the 
lowest grade and promotion according to experience. No 
palloting should be done, and no social qualities should 
be essential, but a strict adherence to a code of ethics to 
be insisted upon. 

The editorial comment on the letter was kindly, but 
gave the writer a “squelched”’ feeling, for it was declared 
to be an idea held particularly by younger members in the 
profession. 

Since that time the Institution of Civil Engineers has 
adopted such a system of examinations to scare away 
unworthy applicants. The Canadian Society has fallen 
into line, and now the ‘‘dream of the younger members” 
may become real. 

The writer was told that a man was reasonably certain 
of election to membership in our national engineering 
societies if he followed two rules: First, join before you 
have been long enough practicing to have made enemies 
of professional brethren. Second, be careful to select as 
sponsors men who have made no enemies, that is, be 
careful not to have any men of high standing endorse 
you, for their enemies will cast blackballs. 

lf this is true, then members should be elected by the 
Board of Directors (as in the Western Society of Engi- 
neers), or be admitted on examination without balloting 
(as in the Canadian Society of Civil Engineers). 

Nearly every engineer has friends who have been denied 
admittance to the leading societies, yet whose ability 
and professional standing is not questioned. It is a pity 
that this can be. No one can climb without creating 
jealousy, and in the struggle for life—not mentioning 
success—a man is bound to make some enemies. If he is 
forceful he will at times gives offense. Engineers should 
be too large-minded, however, to deny the ambitious 
successful brother proper recognition and standing. 

Yours truly, ‘“‘A Western Engineer.’’ 

St. Louis, Mo., Jan. 30, 1904. 


Cost of Maintenance of the Union Engineering Building. 


Sir: I have followed the discussions on the matter of 
the proposed Union Engineering Building, and especially 
the very dispassionate statement of the Board of Direc- 
tion accompanying the letter-ballot through which the 
members of the American Society of Civil Engineers are 
to express their will as to whether their society shall ac- 
cept or reject the proposition. 

In all the Giscussions or statements I have not noted 
any figures of the probable cost of maintenance of a 
building such as that proposed, As that is a matter to 
which every member would give consideration and weight 
if it concerned his individual welfare, it is none the 1e3s 
of vital importance to us as a Society.. 

In order to obtain definite information of the cost ot 
such maintenance, I have been furnished with a detailed 
Statement by one of the best-known agents and mana- 
gers of such buildings in New York City, the sum total 
of which foots up to $30,000 per annum, and this exclu- 
sive of taxes. 

Of this $30,000, on the basis of the plan of assessment 
Proposed, the American Society of Civil Engineers would 
be obligated to pay from $10,000 to $15,000 annually. 
The cost of maintenance of our present building for the 
past year has been $3,619.03; this has more than met all 
our requirements, except for one day, when we were ob- 
liged to rent a hall for the annual meeting. 

We can well afford to pay the rent of a hall once a year 
and still have a goodly balance to use for the advance- 
ment of the welfare of our Society and the good of the 
profession. 

I would not have the honorable profession of Civil En- 
sineer suffer from sordid motives nor from narrow-mind- 
edness, but I am convinced there is much greater danger 


(to our younger members. at least) from atrophy superin- 

duced by the acceptance of the magnificent gift offered by 

Mr. Carnegie. Very truly yours, F. S. Odell. 
Port Chester, N. Y., Jan. 29, 1904. 


The Union Engineering Building— Questions of Finance. 


Sir: In the summary of arguments for and against the 
American Society of Civil Engineers uniting with other 
societies in the joint occupancy of a Union Engineering 
Building, as set forth by the Board of Direction of the 
Am. Soc. C. E., the allegations on one important point 
are too indefinite to enable the reader to form a clear 
opinion as to whether the proposed union is financially 
desirable. 

On the one hand it is alleged that ‘“‘the advantages to be 
gained by the common use of auditoriums, reading rooms, 
eic., could probably be obtained at less cost of mainte- 
nance and operation than where different establishments 
are maintained,’’ while on the other hand it is stated 
that “it is the opinion of experts in the management of 
buildings that the expense to the Society by becoming 
a@ participant in the management of the proposed building 
would be very greatly in excess of its present expendi- 
ture for operation of its own building.” 

The first statement is a mere general supposition. The 
second statement is based upon the following facts: 

The cost of maintenance of the House of the American 
Society of Civil Engineers for the last three years is thus 
given in the annual reports of the Treasurer: 


1902. 1903. 
Caretaking.. .. . $1,582.23 $1,794.42 
334 54: 


Maintenance .. 71 2.4 
Heat, light and water . 3. 1,068.79 1,242.14 
29.48 40.00 


set of objections stated on page 6, which, in my opinion 
and experience, appears to be based on false assumptions. 
The assertion is made that: 


The experience had in the management of high buildings 
in New York and elsewhere is to the effect that the cost 
of operation, per square foot of floor space occupied, is 
very much greater in a ten-story building with elevators 
than in a four or six-story building without elevator ser- 


vice. 

This is a most self-evident statement in itself, but its 
application to such a building as the proposed Union 
Engineering Building is quite inappropriate. 

The cost of elevator service is, of course, a necessary 
concomitant of increase of height above 4 or 5 stories, 
but its extent and character is dependent on the nature 
of the usage of the upper floors. 

In an office building where all floors are in equal use, 
it may be regarded as a burden on the operating cost of 
all floors above the first, since even the tenants of a sec- 
ond story demand its use. The maintenance of a schedule 
service, which forms the major expense of elevator opera- 
tion, is not to be considered a probable requirement in a 
Society building, in which the greater use is in the two 
lower floors. The conditions would not even approximate 
those of an apartment hotel, whose tenants at upper 
floors necessarily require a regular use of elevators. 

A transient hotel system is somewhat nearer, the major 
use of which is in its lowest floors, with a comparatively 
limited travel of each tenant to an upper floor. But even 
this goes beyond the probable requirements in the Engi- 
neering Building. 

The wasteful character of schedule service, in most of 
which steam is used in excess of what is required for 
house heating, will be absent, and the elevator work if 
properly planned may be considered to come within the 


Total annual expense..... $2,662.89 $3,285.21 $3,619.03 


Average annual cost of maintenance, $3,189.90. 

An estimate in detail of the annual cost of operating 
a ten-story building of 125 ft. frontage, containing three 
auditoriums, library space, offices and committee rooms 
for four separate organizations has been prepared by one 
of the most experienced firms in the management and con- 
trol of large buildings in New York City, as follows: 
Janitor, scrubwomen, watchmen and porters: 


Elevator and hall men, $61........... . 3,172 
Engine-room pay roll, $107...........-. 
£team and electric plant: 
Supplies and repairs.... .. 
Heat, light and water .......... 
Miscellaneous repairs.... 1,500 


Total annual cost of operation and maintenance. .$30,00£ 


This agrees very closely with estimates made up from 
statements hy a number of owners of large properties who 
have been questioned on the matter. The amount named 
is probably less than the actual cost in most of the large 
buildings now in operation. 

In the proposed Union Engineering Building, the cost 
of operation is to be divided among the four occupants in 
proportion to the space occupied by them. The American 
Society of Civil Engineers having a larger membership 
than any of the other Constituent Societies, will neces- 
sarily be assessed more than one-fourth of the expense of 
maintenance. The least proportion of the expense which 
it will be called on to pay will be three-eighths of the 
whole, or $11,250 per annum. That is about $8,000 per 
annum more than it now has to pay. 

The amount which it will be able to expend for publi- 
cations and towards the extinguishment of its indebted- 
ness will be diminished by at least $8,000 per annum. 

This is not all. The annual expenditures for interest 

and insurance during the last three years have been: In 
1901, $3,190; in 1902, $2,700; in 1903, $2,400, decreasing 
yearly as the mortgage is being paid off. In the Union 
building it would have to pay one-fourth of the interest 
on the bonded debt of $520,000, and one-fourth of the in- 
surance, amounting to about $5,500 per annum. It is true 
that the proceeds of the sale of the present house would 
in all probability be sufficient to pay off the present in- 
debtedness and also to invest the balance in the $130,000 
worth of bonds on the new property, which the Society is 
authorized to hold, but the fact would remain that che 
Society would be responsible for the interest on the en- 
tire $520,000 issue of those bonds in case of default in 
payment by any of the societies associated in the ,owner- 
ship of the building. 
-. The nominal assets of the Society will be increased 
about $250,000, but that additional asset and also about 
$130,000 of its present available assets will be tied up in 
an inalienable, undivisible piece of real estate controlled 
entirely by a corporation in which the Society will have 
only one voice out of four in its management. 

New York, Jan. 30, 1904. **Member.” 


The Proposed Union Engineering Building. 

Sir: In reading the very interesting arguments for and 
against co-operation in the proposed Union Engineering 
Building in the pamphlet issued by the Board of Direction 
of the American Society of Civil Engineers, I find one 


d for steam in heating the house, and, therefore, 
during a large portion of the year, to be a by-product. 
The same will be true to a certain extent of the lighting 
load, the periods of major light demand coinciding with 
that of major heating. A carefully planned system of 
services should bring the winter work of the house to a 
point of great economy. The greater use of the building 
will be during this period of the year, and by a judicious 
combination with outside services of power supply, the 
labor bill for the remaining two-thirds of the year may 
be kept within the most moderate limits. 

Nor can the allegation be sustained which is made in 
a succeeding argument, that: 
in the opinion of experts in the management of buildings, 
the expense to the American Society of Civil Engineers 
by becoming a participant in the management of the pro- 
posed building, would be very greatly in excess of its 
present expenditure for operation of its own building. 

On the contrary, the proportion of dead items of main- 
tenance which the Society will bear should be less than 
it now carries alone, since the proportion of contents 
of the new building which will compare with the present 
Society house will have less burden of dead charges. Its 
share is less of heat losses, of standing costs of lighting 
for corridors, toilets and other dead spaces, and of water 
for sanitary work, while its share of wear and tear of 
public rooms, spaces, etc., is reduced. 

I do not find among the arguments in favor of co-opera- 
tion any reference to the improvement which it may be 
hoped will be found in the new building upon the present 
auditorium of the Society, which is, acoustically, a la- 
mentable failure, and in design and proportion inappropri- 
ate and inadequate. 

Finally, I fear that if the Society should-decline to join 
in the Union building, it will find itself greatly the loser. 
Its present advantage of the possession of a fine building 
will be discounted by the erection of the Union building 
in some other form, which project, it is quite probable, 
will proceed even without our co-operation, and then the 


whole strength and advantages of co-operation wil! bear 


against its progress by the competition of the other 
united Societies. 


I for one, therefore, hope that every member will on 
consideration cast his vote in favor of the union of our 
Society in the projected home. 

Reginald Pelham Bolton, M. Am. Soc. C. E. 

35 Nassau St., New York City, Jan. 31, 1904. 

(In comment on the above three letters it may 
be said in the first place that until more definite 
plans are made as to the size and arrangement of 
the proposed building, no very accurate estimate 
of its running expenses will be possible. 

In the second place, it would be contrary to all 
past experience if the cost of lighting, heating 
and keeping clean a given area of floor space were 
not considerably less in one large building than it 
would be for the same area in four separate 
buildings. 

It is true that the cost of elevator service will 
be an added expense; but suppose one compares 
the average number of daily visitors to the pres- 
ent house of the Civil Engineers or the present 
house of the Mechanical Engineers with the num- 
ber of those who come and go to offices covering 
a similar area in a downtown office building. Such 
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a comparison will make clear the reason why the 
expense for elevator service in the proposed En- 
gineering Building should be trifling compared 
with similar service in an office building. 

A considerable part of the space in the proposed 
building will be taken up by a large auditorium, 
and probably two smaller auditoriums, and there 
need be no expense for heating, lighting and 
cleaning these except when they are used. For 
reasons which have been made obvious to every- 
one of late, the auditoriums in the building would 
be located on or near the ground floor, where ele- 
vator service for them would be unnecessary. 

Of course it would be possible to conduct such a 
building in an extravagant manner, so as to make 
its maintenance a burden on the societies using it. 
No reason is apparent, however, why the repre- 
sentatives of four engineering societies should not 
be as successful in securing economical adminis- 
tration as are the representatives of a single engi- 
neering society.—Ed.) 


a 


Notes and Queries. ; 

Through a typographical error in the note published in 
our issue of Jan. 21 on the temperature of air and sewage 
at the sewage purification plant at Plainfield, N. J., the 
temperature of the air was given as about 10° F., whereas 
it should have been — 10° F. 

Prof. Leslie A. Waterbury, of Urbana, IIl., calls our at- 
tention to an error and to a pessible cause of misunder- 
standing in our report of the annual convention of the 
Illinois Society of Engineers and Surveyors, in our issue 
of Jan. 28. In our abstract of Professor Waterbury’s paper 
on ‘Present Practice in Road Construction in Northern 
Illinois,”’ the cost of a 20-ft. roadway should have been 
given as $5 per rod instead of ‘‘per lin. ft."’ The third 
column in the table condensed from Professor Water- 
bury’s ‘‘Economy of Various Metheds of Leveling,”’ should 
have been headed ‘‘Cost divided by accuracy.”’ 


ANNUAL MEETING OF THE CANADIAN SOCIETY OF 
CIVIL ENGINEERS. 


The Canadian Society of Civil Engineers held 
its annual meeting at Montreal, P. Q., on the three 
days of Jan. 26 to 28, 1904. Founded in 1887, 
it enters upon its eighteenth year in vigorous and 
promising condition, financial as well as other- 
wise. It has a well-equipped house, located at 
877 Dorchester St., Montreal, which is now wholly 
clear of debt; the membership list is increasing 
at a steady rate, and the society's affairs are con- 
ducted so as to yield a safe yearly surplus. 

The past year has been an important one for 
this society. Several sections* devoted to indi- 
vidual branches of engineering were established, 
in order to secure more detailed and thorough dis- 
cussion of specialized engineering questions. Sen- 
timent has also crystallized in favor of the for- 
mation of local branches or chapters, in the prin- 
cipal cities of the Dominion. Both these move- 
ments are in the direction of gréater breadth and 
influence of the society’s work. 

It is to be remembered in connection with the 
Canadian Society of Civil Engineers that the con- 
ditions and standing of engineering in Canada are 
somewhat different from those in the United 
States. Surveying is a ‘‘close profession” in most, 
if not all, provinces of the Dominion, its practice 
being restricted to members of specific incor- 
porated societies which in other respects are simi- 
lar to the various State engineering associations 
in this country. In engineering work other than 
surveying it is held equally desirable to restrict 
practice. The province of Manitoba in 1896 passed 
an act which recognized the Canadian Society of 
Civil Engineers as an official association of engi- 
neers and restricted practice to members of the 
society (and certain specified exceptions). A simi- 
lar act, though more stringent in its restrictive 
provisions, was passed by the Quebec Legislature 
three years later. The society desires to extend 
such restriction to the entire Dominion, and an at- 
tempt has been made to have the Dominion Par- 
liament effect this by a single enactment. How- 
ever, aS was pointed out by Senator Casgrain at 
the society’s banquet, such a proceeding is im- 
possible because the British North America Act 
specifically leaves to each province the right to 
regulate the professions within its border. 


*The sections are as follows: Mechanical Section, Elec- 
trical Section, Mining Section, and General Section. 


The extension of the society by growth must 
therefore be relied upon to give it such a position 
in the different provinces as will aid in securing 
the passage of acts like those of Quebec and Man- 
itoba. Even aside from the matter of “close cor- 
poration” laws, of course, the society has every 
reason to desire the fullest possible extension into 
all the provinces of the Dominion; and, according 
to a policy already inaugurated, this will be de- 
veloped by the formation of local chapters. At 
the first session of the meeting, on Tuesday morn- 
ing, Jan. 26, it was voted to recommend to the 
council the desirability of appropriating a certain 
sum to any local branch for the purpose of ac- 
quiring a library. It is believed that a good tech- 
nical library will be the best stimulus to the 
healthy growth of a local branch. 

The report of the council of the society, also 
submitted at the first session of the meeting, 
showed the following statistical facts: Total mem- 
bership 1,147, of which 378 are full members and 
362 are students. The year’s receipts were $7,897, 
against expenditures of $6,682, which latter 
amount includes the final payment of $1,248 on 
the building mortgage. The total assets of the 
society are computed to be $27,256, with no off- 
setting liabilities, but less than $2,500 of this 
amount is in cash. 

The election of officers for the year 1904, by let- 
ter ballot, resulted in the election of Lt.-Col. W. 
P. Anderson, Chief Engineer of the Department of 
Marine & Fisheries, Ottawa, Ont., as President. 
Prof. C. H. McLeod, of McGill University, Mon- 
treal, was re-elected Secretary, and Mr. H. Irwin, 
of Montreal, Treasurer. The meeting also voted, 
on motion of Mr. W. T. Skaife (Montreal), to rec- 
ommend to the council that the First Vice-Presi- 
dent of each year be selected as the nominee for 
President for the succeeding year. Besides its 
other advantages, this plan will also secure proper 
rotation of the presidency among the various sec- 
tions, since the vice-presidents are chosen to rep- 
resent the several sections. 

An unusual matter of business came before the 
society by motion of Mr. J. L. N. Coste (Oitawa). 
A paper read before the society a few months 
ago contained remarks which were interpreted as 
referring in derogatory manner to certain other 
members of the society. Mr. Coste asked that a 
com-nittee be appointed to investigate the matter 
in order to determine how far these remarks were 
improper, and, if found suitable, to_ publicly 
censure the author of the paper. The motion was 
subsequently modified by eliminating the part re- 
lating to censure, and adding that the findings of 
the committee be referred to the council and sent 
out to the membership; in this form the motion 
was carried. 

The annual meetings of the Canadian Society 
of Civil Engineers, like those of the correspond- 
ing American society, are devoted mainly to busi- 
ness matters and to social intercourse, technical 
papers and discussions being handled in the regu- 
lar meetings held through the year. Nevertheless 
several interesting technical matters came before 
the meeting, as appears from the following sum- 
mary: 

FREIGHT RATES.—The address of the retiring 
President, Mr. K. W. Blackwell (Montreal), was 
a review of some freight rates on American rail- 
ways and on Atlantic shipping rates. It clearly 
showed the great difference between rail and 
water rates, both average and minimum, and a 
forecast was made of the future changes in rates. 
Mr. Blackwell did not hold out hopes of decreased 
water rates, since both the transportation and the 
terminal service in bulk-freight has been devel- 
oped practically to a maximum (grain and iron- 
ore are the chief items in this traffic). Railway 
rates are still slightly on the downward trend, 
through the reduction of ruling grades, more gen- 
eral use of maximum locomotives, and hence 
heavier train-loads; but the decrease of rates is 
small at present, and there is little margin left 
for further decrease. The electric (alternating 
current) locomotive was held to offer a promise 
for substantial reduction in rates beyond what is 
possible with the steam locomotive. We hope to 
present this paper in full in the near future. 


ELECTROTHERMIC METALLURGY.—An il- 
lustrated lecture on ‘‘Recent Developments in 


Electrometallurgy, with especial po: 
Iron,” was delivered by Dr. Stansfield. 
University, Montreal, at the session o: die 
afternoon, Jan. 26. The lecturer show or 
ings of various types of electric furn. 
have been tried in iron or steel maki; 
them the Stassano, Keller, Heroult, Kj. 
met, and Ruthenburg furnaces. Al] th. 
in this field have to face the fact that 
nary metallurgical processes (iron) ar. 
high efficiency, so that there is little pn 
economy. On the other hand, the electr; 
has the advantage that it may be-used ;: vale 
the heat just where and when wanted. a 
ther that very high temperatures may } ; 
Usually electric energy costs far too 
make its use commercially possible for ; 
gical work. An exception is the manur,. 
certain alloys, which are found at very h 
peratures and must be kept free from in ti 
in this work the electrothermic met) fing 
commercial application. But in region 

fuel is very costly, and where water-po\ 
tricity can be had at exceptionally low . 
electric process may be the cheaper. 1) 
favorable conditions, electricity from wat:: 
may be had for about $10 to $12 per hors: 
year, or 0.13 cent per horse-power-hour; \''} 
cost, coke fuel would have to cost more }{} 
per ton in order to make the electric pro 
cheaper. The power required for the bla- 
small as to be negligible, amounting to o1!, about 
one-thirtieth of the power required for the . 
smelting. Nearly half the fuel used in t} 
nary blast furnace is required for the ch: mica] 
reduction, irrespective of heat producti, At 
the conclusion of the lecture, Dr. Stinsfielq 
showed some small electric furnaces in operation. 
An are furnace, in which the are was forced 
downward upon the surface of the charge by mag- 
nets, was exhibited by projecting a top view of 
the furnace in action upon the screen by means of 
a mirror. 

NEW LOCOMOTIVE AND CAR SHOPS.—At 
the session of Tuesday evening, Jan. 20), two pa- 
pers were read which described new shvjs lo- 
cated at Montreal. Mr. M. J. Butler described the 
shops of the Locomotive & Machine ©». at 
Longue Pointe, Montreal, and Mr. Henry (iold- 
mark described the new car and locomotive shops 
of the Canadian Pacific Ry. at Montreal. These 
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papers were in a sense explanatory lectures, as 
on the following day the society visited both shops 
and examined their layout and construction in 
detail. Both shops are very interesting in many 
ways, and we hope to present descriptions and 


illustrations of them in a short time. 
The Locomotive & Machine Co.’s shops are ar- 
ranged in a series of connecting buildings; the 


roofs are of flat pitch, it being thought that this 
will result in less trouble from snow than with 
steep roofs where the wind has less tendency to 
blow the snow off the roof. Traveling overhead 
cranes and an abundant supply of radia! jib 


cranes serve the shops. Heating and ventilation 
is provided by hot-blast installations served with 
steam from the power-house. The driving is by 
induction motors arranged for group driving in 
the case of the smaller machines. A noteworthy 
feature of this plant is that it was all built on 
the grounds, the steelwork being fabricate! in a 
temporary structure equipped as a structural 
shop. The entire erection was accomplisiied in 
remarkably short time. 

The new Canadian Pacific shops, which wii! be 
called the Angus shops, form a vast plant. The 
buildings here are all separate, and are arranged 
with proper reference to the course of work 
through the shops. Freight and passenger cals 
and locomotives will be built and repaired !ere. 
The buildings are founded in a peculiar miner, 
on account of the Soft clay soil overlying the 
rock for a depth from zero to 20 ft. Trencies 
were excavated in winter along the lines «f the 
walls, and filled with roughly-coursed dry ruvbie, 
constituting virtually a dry-masonry wal! ©°m 
rock to ground level. The stone laying was done by 
laborers, and cost $2 to $2%4 per cu. yd. The 
buildings are all brick-wall structures. ‘"“he roofs 
are of three classes! wooden Howe .russ 
2, wooden beam roofs on_wooden columas; 3, steel 
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ts, The purlins in all cases are of wood, 


nage ~~ 16 ins,, and the roofs are of 3-in. plank, 
or down-spouts are fitted, as they 

- ; ieved to be more troublesome than use- 
= full equipment of automatic sprinklers is 
and very low insurance rates were se- 
il ‘Heating is by hot blast, using «xhaust 
al . greater part of the year. Electric mo- 
sa 2 used for driving, in a mixed system, part 
=. ‘ nd part alternating current. The locomo- 
tive shop is arranged on the longitudinal plon, 
with enough space between the pits to allow en- 
gines ‘ arried by the overhead crane to pass those 
standing over the pits. 

As already noted, the second day of the meet- 
ing was spent in an excursion to the two shops 
just ré rerred to. On the way the transformer sub- 
station of the Showingan transmission was also 
visited. This system has since its construction 
been tied into a common system with the other 
electric transmission lines reaching Montreal, and 


a very complete system of transformation has re- 
sulted. The incoming Shawinigan line is three- 
phase, about 4,500 volts, and this is transformed 
by synchronous motor-generator sets 10 two- 
phase °0-volt current at the station in ques- 
tion. There is the necessary accompanying equip- 
ment of step-down transformers, lighting orrest- 
ers. raising transformers, ete. 

The social events of the meeting were: An in- 
formal luncheon at the society’s house un Tues- 
day, Dec. 26; a banquet at the Windsor Hotel 
on Wednesday evening, and an afternoon tea in 
the society’s house on Thursday. The dinner was 
the climax of the meeting. Toasts were drunk 
(and duly honored) to the King, to the retiring 
officers, to the visiting members, to sister societies, 
to the society itself, to the dinner committee, and 
ultimately to the press. Among the speakers were: 
Retiring President K. W. Blackwell, Prof. H. T. 
Bovey of McGill University, Mr. R. A. Ross, 
Senator J. P. B. Casgrain, Mr. B. T. A. Bell, Mr. 
G. A. Mountain, Major 8S. Howard, the President- 
elect; Lt.-Col. W. P. Anderson, Mr. W. M. Wal- 
bank, Mr. R. B. Rogers, Mr. H. O’Sullivan, Mr. 
FE. Marceau, Mr. M. J. Butler, and others. The 
versatility of Canadian engineers was excellently 
illustrated during the banquet by Mr. O'Sullivan, 
who sang an Irish and a French song, and both 
equally well. 


THE FERRELL PROCESS FOR PRESERVING AND FIRE- 
PROOFING WOOD AND TEXTILE FABRICS. 


We give herewith some particulars of a fire 
retardent process which after some ten years of 
experimental work, is being put forward by Mr, 
J. L. Ferrell, of the Ferrell Flameless Wood Co., 
of Philadelphia, Pa. 

The chemical employed is sulphate of alumina, 
a strong solution of which is forced into the wood 
under a pressure of 450 to 600 Ibs. per sq. in., ac- 
cording to the character of the wood. Hydraulic 
accumulators are used to give a steady pressure, 
free from-shock. There is no preliminary steam- 
ing of the wood, and no vacuum process to extract 
the sap, the impregnation under pressure being 


the séle process, and requiring from 15 minutes to . 


two hours. The chemical is said to cost only 
about 0.75 ets. per Ib. When flame or intense 


heat is applied to wood thus treated, it will char — 


at the point of contact, but it will not burn or 
burst into flame, the destructive effect of the heat 
being purely local. The same chemical is the 
basis of a paint which can be applied to the sur- 
face of untreated wood. When this is attacked by 
flame it forms a hard, rough crust which appears 
to effectually protect the wood. For treating ties 
aod bridge timbers, which are to be made proof 
against decay as well as fire, a proportion of ferric 
sulphate is added to the alumina solution, the for- 
mer material acting as a coagulant. A number of 
‘ies have been treated experimentally. 

A peculiarity of the process is that ties and 
‘imbers are treated individually in cylinders just 
large enough to contain one tie or timber of com- 
mercial size. The cylinders are closed by hy- 
draulically operated valves, instead of by swing- 
ing doors, thus saving much time in operation. 
A treating plant could consist of batteries of 


cylinders of the desired sizes, with ample mechan- 
ical means for handling the ties or timbers. One 
advantage claimed for this individual method of 
treatment is that all the parts are comparatively 
small, so that plants can be readily removed to 
sites convenient to the timber supply. 

The Elliott Cresson medal has been awarded by 
the Franklin Institute to Mr. Ferrell for his pro- 
cess, and he has recently read papers in Chicago 
before the Western Society of Engineers and the 
Chicago Architectural Club. 


CONCRETE MIXTURES IN THE BIG MUDDY BRIDGE: 
ILLINOIS CENTRAL R. R. 


The proportions of the concrete mixtures used 
in different parts of the Illinois Central R. R. 
Company’s concrete arch bridge were accidentally 
omitted from the drawings accompanying the arti- 
ele in our issue of Nov. 12, 1903. As some in- 
quiries have been received in regard to the com- 
position of the concrete, we give the following 
particulars, as furnished by Mr. H. W. Parkhurst, 
M. Am. Soc. C. E., Engineer of Bridges and 
Buildings: 

In general, foundation concrete built within cofferdams 
or sheeting was proportioned with 1 part of cement, 3 
parts of sand and 6 parts of crushed stone. Where, how- 
ever, heavy masses of concrete were required, having a 
great thickness and carrying nothing but compressive 
load, the centers of these masses were made of concrete 
with 1 part of cement, 4 parts sand and 8 parts crushed 
stone. 

The bodies of piers, bench walls, and walls built within 
molds were proportioned with 1 part of cement, 2% parts 
sand and 6 parts crushed stone. For all arch crowns end 
rings, and in general where any tensile strain was to be 
provided for, the proportions were 1 of cement, 2 of sand 
and 5 of crushed stone. Where special additional strains 
were to be provided for: 1 of cement, 2 of sand and 4 of 
crushed stone were the proportions. All exposed work 
was made with a mortar finish, this being placed next to 
the face of the molds, as the work progressed. 


QUESTIONS ASKED IN THE NEW YORK CIVIL SERVICE 
EXAMINATIONS OF JANUARY 12, 1904. 


The most largely attended civil service exam- 
ination for engineering employees ever held in 
this country, probably, was that conducted by 
the New York Civil Service Commission on Jan. 
12 and 16 to prepare an “eligible list’’ for appoint- 
ments on the Barge Canal work. Through the co- 
operation of the United States Civil Service Com- 
mission, examinations were held on the same date 
in a large number of cities in other parts of the 
United States. As reported in our issue of Jan. 
21, nearly 2,500 applications for these examina- 
tions were filed with the Commission. The num- 
ber of appointments to be made is estimated by 
the State Engineer to be 15 Resident Engineers 
at $2,400 a year; 45 Assistant Engineers at 
$5 to $6 a day; 45 levelers at $4.50 to $5 a day; 
25 draftsmen at $4 to $5 a day; 45 rodmen at 


. $3.50 to $4 a day, and 90 chainmen at $2.50 to 
_ $3.00 per day. 


Of the applicants for positions above the grade 
of rodmen, considerably over half were residents 
of New York. The law provides that if the civil 
service eligible list contains three or more resi- 
dents of New York, they shall be preferred over 
any non-resident in making appointments. Ex- 
aminations of chainmen and rodmen were held in 
New York State only. 

We print in full the questions asked in each 
examination with the principal requirements be- 
low: 

RESIDENT ENGINEER. 

(Applicants must have had at least five years’ practical 
experience in civil engineering work, three years of which 
must have been in responsible charge. In rating appli- 
cants, experience, education and personal qualifications 
rated upon the applicant’s statements and reports from his 
previous employers will count 5 and two theses required 
from the candidates will count 5.) 

THESIS No. 1.—This thesis should be an engineering de- 
scription of the piece of work carried out under your 
charge or control which you consider most important or 
most interesting from an engineering standpoint. It 
should not exceed 4,000 words in length and should be 
submitted in typewriting (double space) on paper of legal 
size either 8 x 13 or 8% x 14 ins. written on one side of the 
paper. Articles previously written or published may be 
submitted for this thesis provided they conform to the 
specifications stated above. It is essential that the exact 
relation of the applicant to the work described should 
be shown by the thesis and that it should be a description 
of the work, or portion of the work under his charge and 


not of work on which he was a mere employee. This 
thesis should be signed with the candidate's name as it 
appears in his application. 

_THESIS No. 2.—This is to be in the same form as Thesis 
No. 1 and should not exceed 4,000 words in length. It 
should be signed in the handwriting of the applicant with 
an assumed name or identifying designation, and the real 
name and address of the applicant should be placed in a 
sealed envelope bearing on the outside the same name or 
designation, also in the handwriting of the applicant. The 
thesis must disclose either in its body or in foot-notes all 
books or other references used in its compilation with the 
reference to the page or portion of the matter used, and 
must be accompanied by an affidavit setting forth that 
said thesis was composed by the applicant in person and 
that all books or other sources of information utilized by 
him in the preparation of such thesis are properly in- 
dicated by reference either in the body or foot-notes of 
said thesis, and that no other books or works of reference 
were used as the basis for any portion of said thesis. This 
thesis must be a discussion of one of the following five 
topics: 

1. Topographic surveying and mapping—methods, ete.— 
as applied to the proposed barge canal. 

2. Theoretical determination of the run-off from water- 
sheds and flow of streams and rivers. 

3. Methods of determination of run-off and flow of 
streams and rivers from actual measurements. 

4. Design and construction of locks, dams, or other 
structures necessary in canal or river canalization pro- 
jects with especial reference to the proposed barge canal. 
(Either a general discussion of some line of structures or a 
specific design.) 

5. Description of various methods of wet and dry exca- 
vation of earth and rock as required on the proposed barge 
canal with discussion of the different classes of machinery 
adapted to different classes of excavation, the cost of such 
machinery and of excavation, and a description of the 
different methods of measuring and paying for wet and dry 
excavation of earth and rock. 

The two theses above mentioned must be completed and 
forwarded to the Chief Examiner of the State Civil Service 
Commission at Albany, N. Y., before Feb. 4, 1904. 


ASSISTANT CIVIL ENGINEER AND LEVELER. 


(Candidates for Assistant Civil Engineer must have had 
at least three years’ practical experience in civil engineer- 
ing, one year of which must have been in responsible 
charge of work. A three years’, or more, course of study 
in a satisfactory school of civil enginering will be consid- 
ered equivalent to one year of practice. Rating as follows: 
Written examination, 10; experience and personal quali- 
fications, 7; education, 3.) 

(Candidates for Leveler must have had at least two 
years’ practical experience in civil engineering, and three 
years in an engineering school may count as one year of 


experience. Rating as follows: Written examination, 5; 


experience and personal qualifications, 3; education, 2.) 
(Sheet 1, same for Assistant Engineer and Leveler; second 


sheets different.) 


Directions.—Time allowed for the whole written exami- 
nation, 8 hrs. In the case of problems, all the work of 
solution must be given. Slide rules may be used to 
check results. Logarithm tables will be furnished by 
the examiners; no other books may be used in an- 
swering the questions of this sheet. 


1. Give in detail the best method of mixing Portland 
concrete ‘‘by hand.’’ Give the reasons why Portland cem- 
ent is generally preferred to natural cements. 

2. Describe fully and in detail the proper method of pre- 
paring the subgrade for a macadam highway (a) across a 
level, sandy farm, (b) in a hilly and rocky country, (c) 
across @ swampy country with a subsoil of clay. 

3. What are the most important requirements for which 
provision must be made in the construction of a macadam 
highway? 

4. In the construction of a macadam highway, how 
would you prevent (a) ‘‘ravelling,”’ (b) sinking of the stone 
into the subgrade, (c) rapid powdering or disintegration of 
the stone, (d) a muddy or. dusty road? 

5. Explain in detail how you would take a series of ac- 
curate levels for determining the flow of water in a level 
country. How do you determine accurately the depth of 
the water over the crest of a weir? 

6. A beam 12-ft. long is held in a horizontal position, 
one end resting against a vertical wall; the other end, 
which is to sustain a weight of 600 Ibs., is supported by 
two guy ropes fastened at the top of the wall 16 ft. above 
the beam, one 5 ft. to the right and the other 6 ft. to the 
left of the beam, which is perpendicular to the wall. Find 
the stress in the two guy ropes and the thrust of the beam 
against the wall. 

7. What is the theoretical horse-power that may be sup- 
plied by a waterfall 90 ft. high and 84 ft. wide when it 
delivers 16 cu, ft. of water per second for every foot of its 
width? 

8. The waste gate in a sluiceway is 4.75 ft. wide: the 
water on one side is 9 ft. 6 ins. deep and on the other 3 
ft. 3 ins. deep. Find the amount and the position of the 
resultant water pressure on the gate. Find the theoret- 
ical velocity with which the water will begin to flow when 
the gate is raised 6 ins. 

9. What fall must be given a waterway 2,640 ft. long, 
123 ft. wide at the top, 75 ft. wide at the bottom, 12 ft., 
deep, that it may convey 1,800 cu. ft. of water per second? 
(Take c = 88.) 

10. A masonry reservoir wall weighs 120 Ibs. per cu. ft. 
and is 28 ft. high. It is 3.5 ft. thick at the top and has a 
front batter of 1 in 6. What should be the least back 
batter and thickness at the bottom in order that it may 
safely retain water level with the top? 

11. The following is a portion of a set of field notes for a 
stadia survey. One full space on the rod corresponded to 
a distance of 100 ft. from the center of the instrument. 
The elevation of the instrument station was 131.57 ft. 
You are required to calculate the corrected distance, the 
difference in elevation and the elevation as called for by 
the columns below: 


Horizontal Vertical Corrected Diff.in Eleva- 
distance, elevation, tion. 


_ 
it 
| 
> 
| 
i 
Ss 
Stadia. 
0.89 132° —1° 33’ Cave Naive ip 
1.10 91° 17 +3° 12’ 
0.90 39° 18’ + 4° vane 
0.13 249° 6’ +3° 32’ | 
0.40 308° 24° +9° 35’ | 
1.30 336° 4 +4° 57’ Gece | 
1.35 288° 54° +3° 23° 1 
0.52 228° 43’ + 3° 53’ 
; 12. Plot to suitable scale the elevations you have de- j 
P termined in the above question and by them draw contour 
lines for each even foot of elevation. Do not erase the 1 * 
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points plotted after drawing the contours. (If you are 
unable to calculate the elevations called for above, assume 
a reasonable set of elevations and plot as directed.) 
(Sheet 2, for Assistant Civil Engineers only.) 
Directions.—In answering the questions on this sheet, any 
books of reference may be used. When such books are 
used for formulas, tables of constants, etc., candidates 
will give the name of the book and the page referred to. 
Give computations in full. 


1. A stream of surface width 50 ft. and depth 4 ft. has 
side slopes 1% to 1. The sides and bottom are of coarse 
gravel and pebbles with some large stone; the bed has a 
general fall of 0.5%. Find the height of the submerged 
weir that will double the depth, taking into account the 
velocity of approach. 

2. Find the pressure of the stream against the weir in 
the above question and design the weir, illustrating by a 
cross-section diagram. 

3. How far can 100 HP. be transmitted by a i. new, 
straight, smooth iron pipe, laid on a grade of 1 in 2,000, 
with a loss of head of 25%, under an effective pressure 
head of 750 Ibs. per sq. in.? 

4. A dock wall, plumb at the rear with a face batter of 
1 in 24, is 20 ft. high and 9 ft. thick at the base (bottom 
of stream). ‘The water in front varies in depth from 10 
ft, to 18 ft. The masonry of the wall weighs 125 Ibs. per 
cu. ft., and it is founded in earth wees. 112 Ibs. per 
cu. ft. and having an angle of repose of 32°. Find the 
least depth of foundation required. 

5. A wall is to be 20 ft. high and 4 ft. thick at the top 
to retain earth with a surcharge of 10 ft., having a slope 
upward from the top of the wall of 1 to 1, the natural 
slope of the earth being 45°. What should be the thick- 
ness of the wall at the bottom and the batter, if the back 


is to be vertical? Take the weight of the masonry at 130 


lbs. and that of the earth at 120 Ibs. per cu, ft. 

6. Make an estimate of the total cost of excavating a 
ditch for a canal feeder, bottom width 5 ft., side slopes 1% 
to 1, depth 6 ft., length 24% miles, through country ap- 
proximately level. ‘The soil for most of the distance con- 
sists of 3 ft. of sand and gravel overlying stiff clay, but 
for one-eighth mile the feeder will pass through a ledge of 
bard-shale and the slate that comes to the surface with a 
dip of 45°. The average overhaul is one-half mile and the 
time allowed for the work is 90 days. Give answer in 
detail. 

(Sheet 2, for Levelers only.) 
PDirections.—In answering the questions on this sheet, any 
books of reference may be used. When such books 
are used for formulas, tables of constants, etc., can- 
didates will give the name of the book and the page 

referred to. Give computations in full. 

1. In order to find the quantity of water conveyed by a 
ditch 3 ft. wide, a weir with a rectangular notch 2 ft. wide 
and 1 ft. deep, with sharp edges, is placed across the ditch, 
«using the water to have a depth of 2% ft. above the bot- 
tom of the ditch, and 8% ins. above the crest of the notch. 
Find the discharge in cubic feet per second. 

2. What depth and bottom width should be given the 
transverse profile of a canal feeder, whose banks are of 
coarse gravel with a few weeds and ae at 40° to the 
horizontal, in order that it may conduct 75 cu. ft. of water 
per second with a mean velocity of 3 ft. per second? The 
feeder has a fall of 2 in 1, 

8. A canal in clean coarse gravel is 20 ft. wide at the 
bottom, and its side slopes are 1% to 1; it has a longitu- 
dinal slope or fall of 1 in 360 and a depth of 8 ft. Ifa 
submerged weir 2 ft. high be built across the canal, what 
will be the increase in the depth of the water? 

4. The horizontal section of a canal lock has an area 
of 12,150 sq. ft. and the difference of level between the 
surfaces of the water in the lock and in the upper reach is 
9 ft. Each of the two gates is to have one sluice or valve 


1, It is required to find the distance from X to Y. X is 
inaccessible and cannot be seen from Y. The following 
data are given: 


Course AB = 238 ft. bearing S. 87° 43’ E. 
Course B Y = 317.5 ft., bearing N. 65° 17’ E 
Angle X AB = 46° 18’, angle X A B = 43° 29’ 30”. 


2 to 4. Determine the quantities called for by the (7) in 
the following table of data from a highway survey. Find 
the cut or fill on the center line (c) of the survey; calcu- 
late the cross-section at each station, the amount of cut 
or fill in cubic yards between stations and the excess of 
cut or fill for the portion of the survey given (+ is taken 
to mean cut, and — to mean fill). The side slopes are to 
be 1% horizontal to 1 vertical; the width of the road is 
to be 14 ft. on a fill and of excavations 20 ft. 


Sta- Het. of 
tion. B.S. F.S. Inst. Elev. Grade. L. Cc. R. 
T. P. 6.070 0.940 ? ? 
11.75 12.48 
6 0.97 ? 10.15 — ? — 
+1.15 +1.65 
11.1 12.32 
5 2.11 ? 103.22 ?— 
+0.74 +155 
4 
—3.60 —3.20 
. P. 6.414 1.981 ? ? 
101.37 = 
1.67 ? 37 —— 
—-1.30 —0.60 
100.46 11.3 11.5 
2 1.15 ? 
+0.85 +0.95 


B. M. 2.040 ? 100 
5—6. Copy the accompany- 
ing map to the scale 1 in. = 
2 miles and in place of the 
letters, fill in the proper to- 
pographical signs to indicate 
(a) water, 
(b) — with stream, 


and buildings, 
(g) orchard, 
(bh) grove of evergreen 


trees, 
soa fallow or rough cleared 


nd, 

(n) willow and brush. 

7. Draft the following title 
in letters of suitable sizes, 
using Stump or some other 
style of free-hand lettering 
that you can do neatly and 
rapidly: “List of Bench 
Marks and Other Notes of 
the Survey for the Construc- 
tion of Canal Locks at Cohoes, New York.” 

8—9. Design a masonry and concrete dam for a stream 
20 ft. wide with side slopes 1% to 1. The wster behind the 
dam is to be 12 ft. deep and in front 1 ft. ‘The bottom is 
soft loam overlying hard pan at a depth of 15 ft. Make 
plan, elevation and transverse section drawings to suitable 
scale and indicate the method and materials of construc- 
tion of foundation and superstructure. 

10—11. Draw 5-ft. contour lines (at 90, 95, 100 ft., etc.) 
from the elevation points given on this sheet; mark the 
elevation of each contour and indicate the probable loca- 
tion of streams. From the 


Scale : 6Miles. 


“83 “60 


10! 


107 1074 
92 

87+ “83 


109 194 


+126 106 


% 
106 


+126 


contour sheet, when you have 
. 8§ prepared it. draw on a sepa- 
é 43 rate sheet a section of the 
ground indicated by the line 
across the map, and indicate 
5I the vertical scale used. 
6 BRIDGE DESIGNER. 
(Salary, $1,500 to $1,800. Can- 
didates must have had at 
least 5 years’ practical ex- 
A rience in drafting,design- 
54 ng and constructing struc- 
tural steel and bridge work. 
63 Logarithm tables will be 
furnished by the examiner, 
but no other books may be 
used in answering questions 
1 to 5. Time allowed for 
69 examination, 


rs. 

1. Discuss the arguments for 
and against the use of double 
and triple system trusses in 
and highway bridge 


e 

2. Calculate analytically the 
stresses in a double system 
through Warren truss, 
long and 18 ft. sop of ten 
panels, each 12.5 ft. long, due 
to a uniform dead } for 
each truss) of 800 lbs. per 
ft. Place results on a truss 
diagram. 

3. Determine phically the 
74. stresses in a through bri 
86 truss of 7 panels, each 27 ft. 


whose center is to be 20 ft. below the surface of the upper 

reach, and the water is to be leveled up in 2 mins. 48 secs. 

Determine the proper area of each valve. 

5. A cast-iron beam of rectangular section, 12 ins. deep, 
6 ins. wide and 20 ft. long, carries, in addition to its own 
weight, a single load P; the safe allowable tensile stress 
is 2,000 Ibs. per sq. in. Find the maximum allowable 
value of P when it is placed (a) at the middle point, (b) 
at 2% ft. from one end. 

6. A hollow cast-iron pillar 12 ft. in height has to —. 

ort a dead load of 35,000 Ibs. and a live load of 20, 
bs.: its internal diameter is 6% ins. Find the required 
thickness of the metal, taking 6 as the factor of safety. 

CIVIL ENGINEERING DRAFTSMAN. 

(Rating as follows: Examination, 7; experience and edu- 
cation, 3.) Time allowed for the whole examination, 8 
hrs. The work of computation must be shown in full. 
Logarithm tables will be furnished by the examiner; no 
other books may be used. 


long, of the Pratt type, but 
ENe. News. wit 


4. A through Pratt truss has 9 panels each 24 ft. long 
and 32 ft. deep. The dead panel load is 2.4 tons on the 
upper chord, and 5.6 tons on the lower chord, and the 
live panel load is 18 tons. Compute the maximum and 
minimum stresses in the fourth vertical and in the main 
and counter diagonals in the fourth panel. 


5. Design, making plan, elevation and section drawings 
for a bridge pier, including its foundation on soil consist- 
ing of 2 ft. of silt and 10 ft. of sand overlying hardpan; 
the bottom of the trusses, each 140 ft. long is to be 35 
ft. above the surface of the water, which is 9 ft. deep. By 
the proper conventional signs, indicate the materials of 
construction. 


(In answering questions 6 to 10, any books of reference 


may be used. en formulas or constants are taken, 
give the book and page where they are found.) 


Vol. No. 

6. Design a steel column 30 ft. high to sust. . 
load of 120 tons and a live load of 100 tons... *2*@4 
ternal bracing. Make to scale diagram of its —— 
tion and give all required computations. : — 


7. A floor beamof softsteelin arailroad bridge 
of 16 ft., and weighs 2,600 Ibs. Each stringe; Span 
long and weighs. 3,800 lbs. The stringers are .. 


apart. The track is to be taken at 450 1p tte 
ft. The maximum floor beam reaction due 
load is 46,600 Ibs. The floor beam has a we) »,"° 
thick and an effective depth of 38 or 39% ins... > 
Compute the rivet spacing in the flanges, |, wes 
changes in rivet pitch would you adopt? a- te 
proper working stresses, 
8. The accompanying figy pre 

sents a pier, square in plan vied 

ny ing the ends of two deck try pod 

200 ft. long and 30 ft. dee: 

200'-4 K-200' height of the pier is 50 
three panels as shown. 7; 

feet of bridge surface | 

—~ feet of train surtace 

are subjected to a wind-pr 

> lbs. per ft. The r 

— pressure for the bridge is ¢- wad 

the train 86 ft., above ban 

>= of the pier. The wind prod ya 

a horizontal pressure of 

‘each of the intermediate pan. 

> on the windward side of ; me 

M Width of pier, 17 ft. at top, and: tt 

33° ins. at bottom. Dead load of 

3,000 Ibs. per lin. Pn Ss. per linear foot and |... load 


are in compression and which in tension. nich 
R gf 
8 |2 | 
\/ 
9. The 


above diagram represents one of a pair of canti 
levers that a free Pratt truss of 5 
ft. long and ft. deep. The cantilever is made up of 
eight equilateral triangles of sides respectively 8 ft.. 12 
ft., 16 ft., 20 ft., 20 ft., 16 ft., 12 ft., and 8 ft.. and a 
pier panel 11 ft. long and 19 ft. deep. Find the maximum 
stresses in the chords A B and BC, due to a live joad of 
Ibs. per lin, ft. per truss crossing the bridge. 

10. A deck plate girder bridge for a double-track rail- 
road, span 120 ft., effective depth 140 ins., is to be de- 
signed in ten panels or sections of equal length. Find 
the shear and required web section in an end panel and 
the bending moment and required flange section in the 
fourth panel from one end for one girder due to live loads 
composed of two standard engines, described below. fol- 
lowed by a uniform train load of 3,600 Ibs. per lin. ft. 
Pilot wheel loads, 18,000 Ibs., driver loads 34,000 Ibs 
tender loads 21,000 Ibs., from pilot wheel to driver & ft. 
four drivers spaced 5 it. apart, drivers to tender 8 ft. 
four tender wheels spaced ft., from tender to next en- 
gine, 8 ft., from second’tender to train, 4 ft. 


BRIDGE DRAFTSMAN. 


(Salary, $1,200 to $1,500. Candidates must have had at 
least ree years’ practical experience in drafting on 
bridge and structural work. Rating as follows: Ex- 
amination 6; experience, education and personal quali- 
fications, 4. Logarithm tables will be furnished by the 
examiner; no other books may be used in answering 
questions 1 to 4. For questions 5 to 8 any books of 
reference may be used. Time allowed for the written 
examination, 8 hrs.) 


1. In some neat, suitable style of free-hand lettering, 
write the title, “Design and Specifications for a Double 
System Warren Highway Bridge, Span 128 feet.” 

2. Find the web and chord stresses in a thorough rive‘ed 
Warren highway truss of five panels, each 20 ft. long and 
15 ft. high, due to a dead load of 10,000 Ibs. per panel, 
7,000 Ibs. of which is to be taken by the lower chord and 
3,000 Ibs. by the upper chord. 

3. The above bridge is to have a width in the clear of 
18 ft. and the live load is to be taken at 96 Ibs. per sq. ft. 
of floor. Design the floor beams and stringers and show 
por they should be attached to the other members of the 

ridge. 

4. Designasuitable ornamentalentrance forathroughcity 
highway bridge which shall be made of standard shapes or 
simple modifications, and shall serve also as portal brac- 
ing. Make detail drawings, if necessary, to show how 
this shall be constructed. 


5. Design a deck plate girder, span 80 ft., depth 6 ft., 
which is to be one of two girders to support a highway 
span 18 ft. wide on which there may be a live load of 0 
Ibs. per sq. ft. Make plan, elevation and section drawings 
to the scale 1 in. = 4 ft., showing method of building up 
the girder, of attaching the lateral bracing, etc. 


6. Give in detail the calculations for the determination 
of the flange area, allowance for rivets and number of 
rivets near the center of the above plate girder. 


+ 52.2, + 34.8, + 17.4, +9.3; verticals +9.9, — 32.1, — 15, 
— 4.05. Design the members that meet at the lower panel 
point 48 ft. from the abutment. Make, to suitable scale, 
detail drawings of the joint at that point. 

8. If the maximum allowable pressure in Ibs., p, per 
linear inch of roller is 600 4, where d is the diameter of 
the roller, design the expansion rollers for a city highway 
span 120 ft. long with roadway 18 ft. wide in the clear 
and sidewalk on each side 4% ft. wide. The dead load 
is to be taken at 780 Ibs. per linear foot and the live load 


: at 90 Ibs. per sq. ft. of roadway, including sidewalks. 


JUNIOR BRIDGE DRAFTSMAN. 
(Salary, $900 to $1,200. Minimum age, 20 years. Rating 
as follows: Examination, 8; experience and education, 
2. Time allowed for the whole examination, 8 hrs. No 
books are needed, and none may be used.) 

1. In some neat, suitable style of free-hand lettering. 
write the title: ‘Design and Specification for a Double 
System Warren Highway Bridge, Span 88 ft.”’ 

2. A strong column about 1 ft. square is to be built up 
of standard shapes. Make + neat free-hand sketch (to 
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’ 7. In a riveted Pratt truss of 9 panels, each 16 ft. long 
‘ | and 18 ft. deep, the following maximum stresses have 
been determined in tons, + meaning tension, — meaning 
| compression. The stresses in the first five panels are 
| : ; upper chord — 73.2, — 94.2, — 104.7, — 104.7; lower chord 
+ 41.85, + 41.85, + 73.2, +94.2, + 104.7; diagonals — 69.75, 
cals Trespec- 
i! tively 29 ft., 35 ft., 38 ft., 38 ft., 35 ft., and 29 ft., due 
. to a dead load of 1,200 Ibs. per lin. ft., of which 400 Ibs. 
; : is to be carried by the upper chord. 
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5 of the columns, showing your 
ecale of “4 < ding it up, having in mind simplicity of 
thod of oes ability to resist in all directions bending 
constraction °° “aleulate its weight per foot of length 
“peck weighs 495 Ibs. per cu. it. 
if the stee} end-post or diagonal for a through Pratt 
3. Design « cuss. The length of the post is to be 32 
pin-commecte’ "22 ins.wide and 15% ins. deep. Make 
ft, and ‘grawings, showing how you would build up the 
peat detal om tbe standard shapes. 
+ detail drawings of the connections at the 
4 Mend of (be above end too of a Warren pony riv 
re - 
5. The lens’ of the wops . It is composed of two 
ted city, two flats 3%” x 5-16", one web 14” 
ogles, 3” x 8” x 5-16", and one coverplate 
Make a cross-section sketch to scale 


ete she weight of the member if the steel weighs 
an 


cu. ft. 

496 Ibs. DET OO iy highway truss is to have a side- 
6. The ee By = of the trusses. Make a sec- 
alk, 6 ing, «owing method of attaching sidewalk. 

tion = neat free-hand drawings showing the method of 


“3 and stringers for above bridge. 
attaching en hand rail for the sidewalk of the 
sive bridge: ‘show method of its construction. 


MECHANICAL ENGINEER AND DRAFTSMAN. 
g $1,500 to $1,800. Candidates must have had at 
five vears’ practical experience in drafting, design- 
-— nd constructing shafting, gearing, chains, cables, 
= «block etc., and such machinery as is used on 
pillow ridges, lift bridges, locks, etc. Rating as fol- 
swing Txamination, 6; experience, education and per- 
_ ualifications, Slide-rules may be used and 
sonal Havel; logarithm tables will be furnished by 
r, No other books may be used in answer- 
ag questions 1 to 15, Time allowed for the written ex- 
i 8 hrs.) 
eminatiejuation of the two expressions below is to be 
~ by the use of the slide-rule, if you have one; if not, 
peony yarithms. In putting down the answers, use four 
heures, without counting zeros placed before or after the 


_ Explain your method of finding the lo- 
4, or the decimal point in the answers. 
(a) 27.1 x .356 
= ? 
000 14.26 x 98.5 
x 
8.375 
(b) 2,225 x 447.6 x 
= ? 
1 sas 9,080 
568 .0007975 


the process, theory and effect of case-harden- 
x Le wooed. Why is it done? Why not use steel which 
can be hardened by simply dipping into water when red 


hot? 

in the process, theory and effect of making malle- 
pa: on Why it is used instead of ordinary cast- 
iron, or wrought-iron forging? What principle must al- 
ways be borne in mind when designing a malleable cast- 
ing which is not essential for an ordinary iron casting? 

3 In the designing of steel castings as compared to or- 
dinary iron castings,what four considerations and the rea- 
sons therefor must be borne in mind in order to secure 
satisfactory results in the foundry and a reliable product 
which can be designed to carry high unit loads? 

4. Draw load-stretch (stress-strain) diagrams of the 
following materials, starting from the same zero point: 
Cast iron, soft steel, tool steel, non-homogeneous wrought 
iron, unannealed forged ductile material. 5 

What is meant by “‘limit of greg moe A and “‘yield 
point,” and what is a r = m to loads which you 
would place upon machine parts? 

5. Why are veenereualt filletted corners more needed in 
forged steel than in wrought iron, and why are they 
needed at all? 

Just exactly what is the difference between these two 
metals and the real cause for it, as regards this pots 

6. What is the effect upon cold-rolled steel shafting of 
cutting keyways in it, or casting babbitt in a journal box 
around it? - 

7. Discuss the following materials from the standpoint 
of use for lubricated rubbing surfaces against forged 
steel: Babbitt, lead, iron casting, steel casting, bronze, 
phosphor bronze? 

In what place is cast iron against cast iron an ideal 
material? 

8. Given 4,250 Ibs. and 21,670 Ibs, as the working tensile 
load per square inch of cross-section of cast-iron and ma- 
chinery steel respectively, with dead load, what would 
you use as unit working loads in the same place if you 
had repeated load? What if you had reversal of load? 
In other words, what is the influence of these three sorts 
of loadings upon the safe, allowable and desirable work- 
ing fiber stresses which you would put upon machine 
parts? 

%. Why are gears shrouded? In a swing bridge, should 
the pinion or rack, either or both, of the operating ma- 
chinery, be shrouded, and why? 


RI WL 
10. = 
4 

Does this formula hold good for cast-iron beams at the 
moment of breaking, with the (R) as the ultimate ten- 
— Strength of the material as found in a tensile testing 

achine? 

_ iL Describe what is meant by coefficient of friction, in 
language plain enough to be understood by a non-engi- 
beer, using actual figures in an illustrative example. 

What is the proper value to assume for the coefficient 
of friction between two unlubricated, smooth steel plates? 

What, if any, is the influence upon coefficient of friction 
of pressure, area of surface in contact, velocity of rub- 
bing surfaces both lubricated and unlubricated, viscosity 
of lubricant, alternation of direction of rubbing, alternate 
application and relief of the pressure, slight axial freedom 
sf motion, temperature range from 60 to 145° F., with pad 
or syphon lubrication or bath, or other excellent lubrica- 
tion? Give reasons for the preceding. 

12. Tell what you know about worm ng. Under 
what conditions can it be advantageously used? What 
Guat te the design of the worm to secure maximum effi- 

cy? 


I3. Sketch the six views of an ob which has a defi- 
nite base and front, and which is different on all sides (as 
perhaps a kitchen stove or an overhead rubber-neck trav- 
fing crane), and place each of the six views in its pe 
position relative to the front elevation, that is, the 
commercial ‘angle’ of descriptive geometry. 


14. Draw the nine digits, also ‘‘oneand five-sixteenths,"’ as 
they should appear on the ordinary dimensions of a draw- 
ng. 

Letter the following title free-hand with great neatness, 
with an ordinary writing pen, as it should appear in the 
lower, right-hand corner of a sheet of details about 18 x 24 
‘ins.; no round writing permissible. 

“DETAILS OF LIFTING MACHINERY FOR HECTOR 
BRIDGE, NEW YORK STATE BARGE CANAL. OFFICE 
OF CHIEF BRIDGE DESIGNER, ALBANY, NEW YORK. 
APRIL 27, 1904.” 


Letter the following note, to appear in connection with 
some detail on same sheet: ‘‘Changed to show four holes, 
— two of which will have bolts upon this bridge. 11-7- 


15. A lift or elevator lock has water 15 ft. deep. It is 
intended to raise with its contained barge some 40 ft. 
Make a neat free-hand sketch showing a design and de- 
tails for a tight-joint between upper fixed canal or ap- 

roach to the lock and the vertical edges of the elevator 

asin. Describe clearly its method of operation. 

What are the desirable qualities such a joint should pos- 
sess? State the materials used for different parts, with of 
course the reasons therefor. 


(In answering questions 16 to 20 any books of reference 
may be used. Logarithm tables will be furnished by 
the examiner, but it is preferred that slide rules be 
used instead. Give all formulas you use, with page 
and book from which you take them. State the books 
you have brought to the examination.) 


16. Design an end-lifting arrangement for a small swing 
drawbridge, the arrangement being intended to lift 7,000 
Ibs. Calculate the principal parts of the arrangement and 
make a neat mechanical drawing of same with drawing in- 
struments, triangles, etc., using pencil. 

17. Given a rectangular, machinery steel column, % x 4 
ins. in cross-section, 5 ft. long, pin and square, with pin 
at right angles to the 4-in. side of column, maximum 
working stress of 10,000 Ibs. per sq. in., what is the work- 
ing load which the column will carry? Give copy of for- 
mula. Why do you prefer this to the other column for- 
mulas as Rankine’s, Ritter’s, Gordon’s, etc., that are in 
common use? 

18. To find the dimensions and capacity of a double hel- 
ical spring, of which the following is given: Outside 
diameter, 8 ins.; sclid height, 5% ins. Outside coil to 
be made of 1\%-in. steel wire. Clearance between the two 
coils, 1-16-in. at each side. The spring should be 7% ins. 
high when being used. Both coils have the same free 
and solid heights and are made of the same material 
though of different sizes. 

19. A swing bridge is to be operated by electric motors 
running at 600 revolutions per minute. The radius of the 
circle of the rack, which is firmly anchored to the top 
of the pivot pier, is 15 ft. It is required that the bridge 
shall be opened 90 degrees in 1% mins. against an un- 
balanced wind pressure, and in order to accomplish this 
the maximum force which must be applied at the rack is 
11,000 Ibs. 

Calculate the size of the rack teeth, the size of the 
pinion and the shaft upon which it is mounted, assuming 
east steel gears with cut teeth. 

Make a diagram showing a possible arrangement of 
gears and shafting between the main pinion and the mo- 
tor. What should be the electrical horse-power output 
of the motors? 


20. A lift bridge is to be operated by two hydraulic cyl- 
inders for which a constant water supply will be given 
from the city mains at 87 lbs. pressure. The power re- 
quired at the piston rod is 70,000 Ibs. Calculate the size 
of the cylinder and the thickness of the walls. Make a 
neat sketch showing a desirable connection of piston rod 
to the lifting mechanism of the bridge. How should the 
pistqgn be packed? 

RODMAN. 

(Salary, $3.50 to $4 per day. Rating as follows: Exam- 
ination, 6; expeticdte and personal qualifications,’ 1; 
education, 3. Time allowed for the Written examina- 
tion, 6 hrs. Logarithmic work and other computations 
must be shown in full. Slide rules may be used to 
check results. Logarithm tables will be furnished by 

the examiners; no other books may be poet) he, 
ly The following is a well-known formula for weir dis- 


charge: 
a = 3.33 (b — 0.2 B) |(H + h) § — hi). 


Find by logarithms the value of g to three places of de- 
cimals when b = 6,°H = 1.24, and h = .18, 4 

2. A sand bank is°15 ft. high; the top is in the form of 
a circle with a radius of 5 ft; the bottom also is circular 
and measures 21 ft. across, Find the number of cubic 
yards contained in the bank. - r 


3.4m order to find the distance from A on one side of 
a hill to an inaccessible point W on the other side, a line 
558 ft. long is run from A to B, and another 307 ft. long 
from B to C, from both of which W can be seen. The fol- 
lowing angles are measured, AB W = 64° 17’, WBC = 
a W C B = 75° 54’ ‘, Find the distance from A 
to W. 

4. A beam 12 ft. long rests across a narrow vertical wall 
at a point 3% ft. from one end. The longer segment of 
the beam supports a weight of 64 Ibs. at its outer end and 
the beam is kept horizontal by a rope from the other end 
which is fastened to the wall 3% ft. from its top and the 
beam is — from slipping by a cleat underneath it. 
Neglecting the weight of the beam; find the tension in the 
rope and the vertical pressure upon the wall. 

5. From the following notes of the survey of a field, cal- 
culate the area in acres. 

Dis- Dis- 
Bearing. tance, Bearing, tance, 
ft ft. 


AtoB S. 69°15’ E. 706 D to 
BtoC N. 37° 15’ E, 593 E to 
CtoD N. 39° 30 W. 600 

6. It is required, using a steel tape, to measure with 
great accuracy the distance between two points about two 


miles apart; mention and describe in detail the precau- 
tions that should be taken. 


7..Mention and describe three methods employed or 
precautions taken to keep the subgrade of a macadam 
road dry. Why is it important that the subgrade be kept 
dry? 

8. A trench for a canal feeder is to be dug, bottom 8 ft. 
wide with side slopes 1% horizontal to 1 vertical. Sup- 
pose levels have been taken on the center line; explain in 
detail how you would set and mark the slope stakes. 

9. What is meant by “ravelling’’ in a macadam road? 
Describe in detail the means that are employed to prevent 
and correct it. 


10. In a survey two tangents (or courses) intersect at 


stake 112+ 45 and the deflection angle is 40° 30’. These 
tangents are to be connected by a 12° curve, which is to 
be located by offsets from the fitst tangent, the points to 
be determined for each SO ft. of length. Find the first 
three offsets and the points on the tangent from which 
they are to be measured. 

11. Describe in detail the best method of mixing by hand 
concrete for the foundation of a masonry retaining wall, 
and state the usual proportions of the tngredients. 

12. State in their proper order and explain in detail the 
adjustments of the engineer's transit. 

13. Plot the following stadia notes to about the scale 
100 ft. = 1 in., and from the points when plotted draw 
contour lines for each even foot of elevation. Do not erase 
points plotted after drawing the contours, 


Horizontal Dis- Eleva- Horizontal Dis- Eleva- 


angle. tance. tion. angle. tance. tion. 
36° 34’ 79.68 116.48 126° 37’ 185.26 122 92 
39° 40° 159.36 119.77 108° 18’ 175.65 115.138 
83° 25’ 99.40 118.96 88° 18’ 190.60 119.19 


156° 28’ 45.91 110.47 61° 438’ 220.56 120.34 
147° 8’ 65.93 112.60 
CHAINMAN, 

(Minimum age, 18 years. Salary, $2.50 to $3 per day. 
Rating, as follows: Examination, 8; experience and 
education,2. In solving problems the entire process and 
computation must be given on the answer sheet.) 

1. Find the number of cubic yards of masonry in a dam 
12 ft. high, 40 ft. long, with a 
front slope or batter of 1-in. to the 
— x foot and the back stepped off into 
three steps each 3 ft. high and 2 ft. 
wide; the top is to be 3 ft. wide 
3 ft. above the first step. (See fig- 
gure.) 

2. A cylindrical tank or stand- 
pipe is 16 ft. in diameter and 40 ft. 
high. How many gallons of water 
will it contain if 1 gallon equals 
231 cu. ins.? 

3. A rectangular field contains 
1% acres. It is 3% times as long 
as it is wide; find the dimensions 


of the field in rods. 


4. A lot 100 ft. wide is to be divided into five lots of un- 
equal width. Beginning at the narrowest, each is to be 
1 ft. wider than the one before it. Find the widths of the 
five lots. 

5. What will it cost to excavate a trench & rods 11 ft. 
a 5 8 ins, wide and 6 ft. 9 ins, deep at 37% “3 a 

. yd.? 


6. If the steel of which a surveyor'’s tape is made ex- 
pands 0.00001082 of its length at zero for each degree in- 
crease in temperature, find the length of the tape at zero, 


if its length at 40.5° is 100.0808 ft. (Cc 
nearest three places of decimals.) 


7. Describe how, by the use of the chain alone, you 
would measure an angle in the field so that it could be 
mapped afterward. 


8. Describe carefully how you would proceed i 
chaining your line down hill. 


9. Explain how, by the use of the chain alone, you 
would lay out a course at the end of another course and 
at right angles to it. 


10. If you are required to measure accurately with the 


—_ the length of a course, what precautions would you 
e? 


11. Explain how, by the use of the chai 1 
would lay off in the field an angle of 30°. eC es 


12. What advantages has the steel tape over the chain 
for accurate measurements? 


CONCRETE FOUNDATIONS AND CEMENT FILLER FOR 
BRICK PAVEMENTS: A COMPARISON OF NATURAL 
CEMENTS AND PORTLAND.* 


By O. L. Gearheart.{ 

About a year ago the writer made a series of ex- 
periments to determine the variation in the 
strength and cost of concrete due to a variation 
in the kind of cement and in the proportions of the 
ingredients, 

The former practice was to use a natural cement 
concrete for the pavement foundation, but on one 
occasion a Portland cement concrete, consisting of 
1 part Portland cement and 9 parts fine gravel, 
was used with excellent results. This led the 
writer to give the matter of Portland cement con- 
crete further study. Tests were made with 8-in. 
and 6-in. cubes and beams 6 x 6 x 21% ins. There 
were 11 different proportions with Portland ce- 
ment and one with natural cement. An 8-in. and 
a 6-in. cube and one beam was tested after 30 
days and 90 days. The specimens were made by 
the writer at the Champaign city laboratory, and, 
through the kindness of Prof. A. N. Talbot, were 
tested at the University of Illinois. 

MATERIALS.—The materials used were Atlas 
Portland cement, Clark’s Utica cement, gravel 
from a pit northeast of Urbana, sand from a bank 
in the same locality, and broken stone from a 
quarry at Kankakee, Ill. The sand was a fair 
quality of building sand, containing some clay 
and having about 35% of voids. Of the gravel, 
23% was retained on a No. 4 sieve, 53% on a No. 
10 sieve, 71% on a No. 20, and 29% passed a No. 
20 sieve. It will be seen that the gravel con- 


*Abstract of a paper read at the annual meeting of the 
Tilinois Society of Engineers and Surveyors, at the Univer- 
sity of Illinois, Champaign, Jan. 21. 

gineer, Champaign, III. 


| 
| 
| 
| 


114 


ENGINEERING NEWS. 


Vol. LI. x, 


‘0. §, 


TAMA L "peas a and Cost of Concrete of Different Compositions. 


Average --Beams, 6x6x18 ins— Cost 


Proportions in terms Load on cubes in crushing Modulus sq. ¥ 
---(cement = 1)—, of volumes of Ibs. per sq. in. strength, Load ofrupture, for depth 
Broken gravel and Age -— + center, bs. of Gins., 
No. Gravel. stone. brokenstone. days. 8-in. 6-in. per sq. in. Ibs. per sq. in. cts. 
1 3 3 30 
575 1,280 160 
2. 3 17% 90 870 470 670 1,270 159 0 
3 5 80.4% 30 1,657 
oe J 2,700 338 775 
4. 5 os sous 90 1,770 990 1,880 3,060 382 eee 
5. 4 4 74% 30 1,500 1,365 1,432 2,440 305 74.0 
6. 4 4 See 90. 2,210 1,780 1,995 5,360 670 ied 
7. 6 4 70.7% 30 1,180 1,170 1,175 1,800 225 68.6 
8. 6 4 oe 90 1,260 1,430 1,345 1,620 203 saa 
9. « 5 5 744% 30 2,250 1,545 1,897 2,800 350 66.1 
10. 5 5 pel 90 1,850 2,080 1,950 3,280 410 i: ah 
11. s 4 72.8% 30 890 840 865 1,650 206 57 
12. 8 4 ape 105 883 1,230 1,056 2,500 313 
13. 6 6 76% 30 1,290 895 1,092 2,550 319 b+ 
14. 6 6 > anes 90 1,510 930 1,220 3,060 383 AF 
15. s 6. 74% 30 965 570 767 1,750 219 56.8 
16. 8 6 ate 115 1,425 860 1,142 1,700 213 se 
af. 7 7 74% 30 1,240 1,365 1,302 2,100 263 56.6 
18. 7 7 ewe 90 1,190 1,425 1,307 2,820 353, ee 
19. 8 8 73% 30 1,010 990 1,000 1,600 200 61.4 
20. 8 8 wee 103 1,050 1,030 1,040 1,930 241 sank 
21 10 10 71.5% 30 530 600 565 1,010 - 126 50.3 
22. 10 10 eves 118 585 1,220 153 
23. 10 10 wom 102 610 
24. 6* 6 haot 30 1,230 780t 1,230 1,780 223 epee 
25.. 6* 6 anes 107 1,720 1,535 1,627 2,41 301 ae 
26. 8 16 70% io votes 51 
*Sand. Defective; omitted from average. 
tained but little coarse material. The broken also shows the cost per square yard of a 6-in. 


stone was a good quality of stratified limestone, 
crushed so that all of the particles would pass a 
2-in. screen and be retained on a %%-in. screen. 
The stone is bought by weight, and on account of 
the freight charges, it is found cheaper to buy 
screened stone and fill the voids with a larger 
amount of gravel than would otherwise be nec- 
essary. 

The cement was taken from bags shipped to the 
city for the retail market, and was not a special 
cement for testing purposes. It will be seen that 
the Utica cement is a very high grade of natural 
cement, and that the Atlas cement is a good 
quality of Portland. The fineness and activity 
of the cement are as follows: 
o—Utica— -—Atlas.— 

4% 99.6% 
Passing sieve No. 92.5% 


80.5% 
Time, mixing to initial set. 32 mins. 1 hr. 56 mins. 
.8 hrs. 20 mins. 5 hrs. 16 mins. 


Passing sieve No. 3O.. 


Time, mixing to final set.. 
Tensile strength of cement, 
Ibs. per sq. in.: 


31% 17% 
80 265 
181 710 


MIXING AND TESTING.—The cement and 
gravel were thoroughly mixed dry, then wetted 
and mixed into a stiff mortar, after which the 
dampened stone was added and the whole was 
turned several times. The mixture was then 
temped into the molds by means of an 11-Ib. 
tamper having a face area of 9 sq. ins. About two 
or three inches of loose material was placed in the 
molds at a time and tamped. During the opera- 
tion a square-headed trowel was worked up and 
down between the concrete and the form, thus 
bringing the mortar to the sides and corners of 
the specimen and making it homogeneous 
throughout. Only enough water was used to cause 
a film of water to come to the surface after con- 
siderable tamping. The cubes were left in the 
molds for 24 hours with a damp cloth over them, 
after which time the molds were carefully re- 
moved and the specimens were stored under cloths 
which were dampened from time to time until the 
cubes were tested. The concrete beams were 
made and stored in the same manner as the 
cubes. In crushing the cubes and breaking the 
beams, the direction of the force applied was per- 
pendicular to the tamped surface. Immediately 
before crushing the cubes, the two faces to which 
the force was applied was plastered with a thin 
coat of plaster of paris, and a self-adjusting plate 
was used to distribute the pressure over the en- 
tire surface of the cubes. 

COSTS.—In arriving at the cost of the ecueneti, 
the gravel and sand were taken at 90 cts. per cu. 
yd.; broken stone, $1.40; Utica cement, 65 cts. per 
barrel; Portland cement, $2. The labor for meas- 
uring, mixing, placing, grading and tamping a 
6-in. layer of concrete was taken at 6 cts. per 
sq. yd. 

RESULTS.—Table No. 1 shows the strength of 
the cubes and beams and also gives) the yield of 
rammed concrete in terms of the sum of the vol- 
umes of the gravel and broken stone. This table 


layer of concrete of the different compositions. 


CONCLUSIONS.—From the tests given it is be- 
lieved that the following conclusions may be 
drawn: 

(1) The cost of Portland cement concrete is 
about 4% mofe than natural cement concrete, 
while the former is 50% stronger (Tests 2 and 20). 

(2) The strength of concrete composed of 1 
natural cement, 3 gravel and 3 broken stone, and 
concrete composed of 1 Portland cement, 10 gravel 
and 10 broken stone, is nearly equal (Tests 2, 23 
and 24). 

(3) The addition of broken stone in amount 
equal to the gravel, without increasing the quan- 
tity of cement, materially increases the strength 
and decreases the cost of the concrete (Tests 4 
and 10). 4 

(4) The increase of the broken stone from 4 
parts to 8 parts materially changes the strength 


FIG. 1. 
ESTUARY, CALIFORNIA. 


(The gates have been purposely adjusted in various positions.) 


of the concrete, but reduces the cost (Tests 12, 
16 and 20). 

(5) The increase of the broken stone from 8 
parts to 16 parts does not materially change the 
cost of the concrete (Tests 18 and 26). 

‘ About half a mile of pavement having a very 
lean Portland concrete was laid during the past 
season under the writer’s direction. It was found, 
much to the surprise of the writer and also of ihe 
contractor, that not only was the very lean ccn- 
crete more easily mixed, but it was more uniform 
than the very rich natural cement concrete here- 
tofore used, In all respects, the Portland cement 
concrete is superior to the natural cement 
concrete. 

BRICK BEAMS. 

The writer made a number of brick beams by 

taking paving brick and cementing them together 


VIEW OF AUTOMATIC TIDE GATE IN THE BOLSA CHiCA 


with cement filler. The beams were : 


3 bricks wide and 4 ins. deep. They 
by laying the brick side by side as i 
ment, and the interstices were filleq y 
filler consisting of 1 part Portland c 
part sand. The cost of this filler wa< 
per sq. yd. Table 2 shows the resu!: 
supporting the beams on knife edges | 
and applying the load at the center, 
TABLE II.—Modulus of Rupture of Bric} ' 
Cement Filler, 


Items. 
-—Clinton,—~ Pos. 
wo 

10 OF, ‘ 1 


aS long, 
formed 


© pave. 
rout or 


t and ] 


12 ots, 


"452 “70 221% 


1.607 


*Per sa. 

76x4x18 ae ; load at center. 

By comparing (2) and (20) in Tab) 
in Table II., it will be seen that a }; 
ins. in depth is 50% stronger than a c»: 
consisting of 1 natural cement, 3 ¢: 
broken stone, and is also a little str, 
beam consisting of 1 Portland ceme»: 
and 8 broken stone. This fact sugges). the idea 
whether it may not be more economie:)! employ 
the cement as a filler between the brick rather 
than using it in the concrete foundation 

The cost of the cement and labor fir a 6- in, 
layer of concrete composed of 1 Portland cement, 
8 gravel and 8 broken stone is about 24 cts. per 
sq. yd. more than that of a compact: 


With (3) 
ick beam 4 
te beam 
1, and 3 
r than a 
S gravel 


1 layer of 
gravel or broken stone; and the cosi of peer 
filler is about 6 to 10 cts. per sq. yd. more than 
sand filler. Therefore a brick pavement with ce. 
ment filler on a foundation of broke: stone or 
gravel without any cement in it is from 14 to 18 
cts. per sq. yd. cheaper than brick pavement with 


sand filler and with a concrete foundation. And 
the two forms of construction are of 
strength. 

For a pavement or street which has been eut 
up with trenches, and where the traffic is heavy, 
the use of the cement filler adds very much to the 
strength and to the life of 


equal 


the improvement, and the 
added expenditure for the 
filler is money well invest- 
ed. In resident districts 
where the traffic is not so 
heavy or constant, a brick 


pavement with cement filler 
and a gravel foundation 
may be constructed with 
advantage, and the cost of 
the improvement be con- 
siderably than if a 
concrete foundation § and 
sand filler were used. 

As far as the writer 
knows, attention has not 
before been called to the 
strength produced by the 
cement filler, nor to the fact 
that the brick thus filled 
makes the beam 5, 
stronger than the use of 
concrete foundation; and in 
‘view of what has been sail 
eoncerning the merits of 
the cheapness and strength 
of the cement filler, to use it in pavement con- 
struction is clearly an economical advantage. 

For several valuable suggestions the writer !s 
indebted to Prof. A. N. Talbot and Prof. I. 0. 
Baker, of the University of Illinois. 


less 
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AUTOMATIC TIDE GATES FOR THE BOLSA CHICA GUN 
CLUB, CALIFORNIA. 
By Jas, D. Schuyler,* M. Am. Soc. ©. E. 

The readers of Engineering News »2y be !- 
terested in the details of construction of the au- 
tomatic tide gates recently completed in the Bolsa 
Chica Estuary, some 35 miles south «{ Los An- 
geles. The Bolsa Land Co. owns som: _ acres 
200 acres 

lying along the coast, of which about -- a 


*Consulting Angeles, Cal. 
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nds, partly submerged at high tide 


der and around this structure became very great, 
and although sand had been banked up on both 
sides of the dam, nearly concealing the woodwork, 


. the rush of water through the leaks threatened its 


destruction. The volume of fresh water nor- 
mally entering the marsh from drainage ditches 


Corps of Engineers, U. S. A., on complaint of the 
farmers of the neighborhood that the dam was 
an obstruction to navigation, and an interference 
with natural drainage. This order was vacated 
by the Chief of Engineers after it had been shown 
that these representations were untrue, and the 


- 


' 
' 


ap lé 
brackish or fresh water, varying with 
with Ee from the coast. It was desired to 
the dis ‘these swamp lands into the best feeding 
ame “ wild ducks, as the property is leased 
Chica Gun Club, for shooting pur- 
by t 
Sheet Pili 
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FIG. 2. PLAN AND SECTIONS OF AUTOMATIC 
TIDE GATES IN THE BOLSA CHICA ESTUARY, 
CALIFORNIA. 


poses. To this end it was desired to reclaim the 
land sufficiently to keep salt water entirely out 
of it, and permanently lower and control the level 
of fresh water. A dam about 500 ft. long was 
built in 1899 across the estuary, connecting the 
high mesa with the sandpit along the ocean. This 
consisted of two lines of sheet piles, 20 ft. apart, 
held together with 1%-in. ironrods, at intervals 
of 8 ft., where square piles were driven outside 
the sheet piling. The interior between rows was 
filled with sand to the top, which level is about 
1 ft. above extreme high tide. A spillway 80 ft. 
wide was left in the center of the dam, closed 


Conaitudinal 


and artesian wells is about 30 cu. ft. per sec., 
while that rising in springs throughout the 
swamps was roughly estimated at 40 cu. ft. per 
sec. additional. In the rainy season the fresh 
water discharge may at times reach 400 to 500 cu. 
ft. per sec., which must pass through the gates. 
In December, 1902, the writer was asked to de- 
sign a spillway, with automatic gates that would 


Vertical Section 


Sectional Elevation. 
Detail of Thrust Hinge “Y” 


FIG. 3. DETAILS OF AUTOMATIC TIDE GATE. 


with heavy hanging gates. This spillway was 
not placed low enough to drain the fresh water 
bond to as low a level as desired to prevent flood- 
ing valuable celery-growing peat lands to the east. 
It was reconstructed at a little lower level two 
years later, using concrete placed in bags for the 
floor and wing walls. "The leakage through, un- 


be tight and permit of maintaining any desired 
level in the fresh water pond. 

' The plans presented herewith were submitted 
and approved, and the contract for the work was 
let in January, 1903, but after the contractor had 
assembled all his material the work was peremp- 
torily stopped by Capt. Edgar Jadwin, of the 


Section. 


estuary had not been and was not then navigable, 
except for duck boats. 

A second contract was entered into in April, 
1903, and the work was finally finished in the fol- 
lowing August. The gates operate with remark- 
able ease, and close with a current so slight as to 
be almost imperceptible. A view of the gates is 
shown by Fig. 1, and their construction is shown 
in detail by Figs. 2 and 3. The weight of the 
gates is supported on bronze buttons (Fig. 3), 
which means of support is equivalent to ball- 
bearings and very simple. 

The following extract from the specifications 
describe the gate hangers in more detail: 

The gates will hang on bronze center pins, as shown 
upon the plans, with anti-friction buttons of bronze, which 
will form the principal step or bearing at the bottom and 
take the weight off the gate. Castings of bronze and 
wrought-iron hanger straps will be provided, as shown by 
the drawings, and embedded in the concrete or fastened to 
the gates in the manner shown by the plans and as di- 
rected by the engineer in charge. The gates are so de- 
signed that they will swing lightly and close as soon as 
the tide turns from ebb to flood, and they are designed so 
as to be easily removed for repairs. The bronze wil be of 
a quality approved by the engineer, all smoothly finisMed, 
end free from blow holes or imperfections, 

The gates do not leak an appreciable quantity 
and are quite satisfactory. The occurrence of 
quicksand in the foundation added greatly to the 
difficulties of the contractor in placing the con- 
crete in the floor, but no leakage up through the 
floor could be observed with water standing 6 ft. 
higher outside. The entire structure is practica ly 
a monolith, bound together by iron rods embedded 
in the concrete at intervals of 18 ins. in each di- 
rection. 


THE CACHE RIVER DRAINAGE SURVEY. 
By A. H. Bell. 

A recent bill passed by the legislature of the state of 
Illinois provided for a survey of the Cache River in that 
state to ascertain the practicability of straightening and 
deepening the channel of the river for the purpose of pre- 
venting overflow of the bottom lands and for the drain- 
age of these lands. The Governor appointed W. A. Wall, 
of Mound City; H. Kopher, of Marion, and A. Davisson, 


*Abstract of a paper presented at the annual meeting of 
the Illinois Society of Engineers and Surveyors at Cham- 
paign, lil., Jan. 20 to 22. 

7Chief Engineer, Cache River Drainage Commission, 
Bloomington, Ill. 
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drain the greater portion of bottom land adjacent to the 


EXPLANATORY DIAGRAM. 


Vol. LT. No. 5 
of Metropolis, to constitute the Cache Drainage Commis- panying map of a portion of the stream, which shows the efficiency of the joint and the accomp» Bett, 
sion. They proceeded at once to select a corps of engi- meandering of the old channel and the line of the pro- gram is intended to lessen th = '8 dia. 
neers to complete the survey. posed ditch. The distance by way of meanderings of the © work of ‘L€rmin. 
ing its numerical value. The diagra,. 

The party consisted of one chief engineer, two assistant old channel across is 5.44 miles; the proposed ditch line h agram will g.ve 
engineers, two chain carriers, two axe men, one teamster crossing the same territory would be 2.11 miles, thus the eeateney “with: an much accuracy ‘S War 
and one cook; and on Sept. 28, 1903, camp was made on shortening the distance 344 miles. The entire bottom land ranted by the practical tests that are ailg hie 
the banks of the Cache River about two miles above its adjacent to the Cache River is of good quality of soil, the It 18 applicable to either single or dou... , — 
mouth at the Ohio River, between Cairo and Mound City. best by far in that section of the state. Much of itis cov- Joints, the ends of the plates being | . Pipi 
The work has been prosecuted with little delay, and was ered with timber and the lumber industry predominates each other and riveted together dir. —— 
a ad completed in January, 1904, so far as the along its course. butted together and covered by a sing). jae 
tributaries. The survey was made up stream for the EFFICIENCIES OF RIVETED JOINTS. epplicable where double butt straps a: sed, 
purpose of getting cut of reach of back-water from the By Gilbert S. Walker,* M. E. im Who construction ef this diagran > Tivet 
Obio River as soon as possible. At the time the work In ‘desi nin i a: holes were supposed to be punched 1@what 
was commenced it was not thought possible to complete gning riveted steel work or calculating larger than the rivets and not reamed 1 thei 
it during the fall and winter, but the season has proves the strength of old work, it is the strength of the centers were supposed to be far enoug heir 
an exceptionally favorable one and the work has pro- 
ceeded with but slight interruption. We have gone dry 5 cn 
shod over many portions of the Cache River bottom which ne 2, a ie ee al 
ordinarily are covered with water all through the year. ig oa * 

Commencing at the mouth of the Cache River, where ~— 3 
it empties into the Ohio, with station ‘‘O,” a deflection SN be? [7 
line was run by the transit man, setting station stakes ~ | Assumptions 
at all curves of any importance on the channel and taking Lap joints, in tension 
the deflection angles to the right or left as the case may a = = | 
be. To avoid any errors in angles, readings were taken ; AYN _ diameter. 
from both verniers and recorded in separate columns; © Diameter of holes plete 12 
also the magnetic bearings of all lines were recorded. The NS INNS a allem 
transitman was followed by the chainman and leveler, Notation: 
who noted the surface levels at all stations; also fre- \ \ ef 
quent levels and cross-sections of the present channel. Rss NNANQN d= nominal diameter 
There were also made, upon several occasions, cross-sec- NX Of rivets in Nomina! diameters: 
tion surveys of the entire bottom land adjacent to the N rm foe 
river, to give some idea of its general contour and topog- ratio of unit shearing Strength of 
raphy. These cross-section lines were run as nearly SS SEO unit tensile strength of 
as practical at right angles to the general trend of the S SO 

SS Ne % ‘atio of unit compressive strength 
channel, and extended from bluff to bluff on either side. = Sy § SN of rivet fo unit tensile siren 
Levels were taken every 100 ft. The magnetic bearing of ney of plate. 
the line was noted, also the crossing of the general deflec- ey @ *CMficiency of single riveted lap joint = 
tion line or channel survey. The stakes set at all angles — eo, =ratio 
of deflection were such as could be cut from the material of double riveted Map 
at hand and were numbered consecutively from Station z ek NIN IN. on 
“O” up. The numbering of the stakes was done by one an PIN 
of the chain carriers with a wood scribe, the figures being @&™[“~j ae >, 

o the wood to avoid any danger of erasure in the EE 

We were provided with two tents, one 16 x 20 ft. and the .§-3° = — ~— — LSSNSS 
other 12 x 19 ft.; also all the necessary camp equipage and mE SSSR h 
a team and wagon to haul us to and from the work. The SSSSSSSSSRSRAD’VY tae 
expense of the above was furnished by the state. All 20 ie —— SSNet ~ 
surveying instruments were furnished by the chief en- mS ‘SY 
gineer. We aimed to work about three miles each way Sr 
from camp before moving up the stream, thus making the Ratio Beaking Hress | to Tensile\ stress of Plate 
camps about six miles apart. However, where roads were E=119 118 117 the HS 114 HO ol9 ole a7 olf \" yn 
available we worked much farther, sometimes going as far T 
as six miles each way, thus making our move a total dis- TI 
tance of, 12 miles. | 

The location of the deflection line was maintained by \ 
frequent ties to section and quarter-section corners along e— ae ae 
the line. The platting of the deflection line has been “Iss, | 
kept up with the field work all along, so that we would 
know at all times where we were and how things were | _— Ts. a \h 
coming out. Only so much drafting has been done in the » \ | 
field, however, as was necessary to intelligently prosecute 
the work; the balance will be done in the office after the \ 
completion of the field work. The completed maps will 
be on a scale of 1,000 ft. to the inch and will be drawn IN N 
on ten separate sheets of paper. An additional map on “es ~ 
much smaller scale will be made, showing the entire \ \ \ \ 
survey on one sheet. The maps will show all the mean- Ne 
derings of the present channel of the Cache River from Tt \ \ \ 
the Ohio River to a point about seven miles northeast of H om hs x \ 4 
Anna, Ill., which point is near its source. They will e N “st yy \ \ \ \ 
also show the levels along the Cache, cross-sections of the ; me NX a% 4 \ \ 
channel and river bottom, boundary line of land subject to i. NLL Ln \ \ \ a 
overflow, and other topographical features obtained during tas, \ TIV INI 
the progress of the work. 4 \ \ \ \ \ 

In a general way only can certain information be sur- i AY \ ¥ \ \ G 
mised. That it is practical and feasible to reclaim nad 

\ | 


Cache River is quite evident from the facts so far ascer- 
tained. The total length of the river by its meanderings 
will approximate 125 miles. By straightening the channel 
it could be reduced to near half this distance. The total 
surface fall at this time is 85 ft. The lower end of the 
Cache for 20 miles is subject to back-water from the 
Ohio; for this there is no remedy within reasonable cost. 
It is claimed, however, by property owners in the district 
that they do not care for the high water of the Ohio, for 
it comes at a season of the year when it is not detrimental 
to the farming interests; but it is then followed later on 
in the season by floods from the Cache River which render 
it useless. The bottom land ranges from %-mile to three 
miles wide. 

The channel of the Cache is decidedly crooked in places, 
whiie portions of it (notably the lower Cache) would only 
need deepening. The upper Cache channel, through the 
counties of Johnson and Union, would have to be ignored 
almost entirely and a new straight channel constructed. 
Some idea of the work may be obtained from the accom- 


Having the thickness of the plate’t” given, locate on the chart 


the corresponding point,as at 1on the explandory diagram. 
Assume =.60) and locate point 2. 
Assume the site of rivet and jocate point 3. 


2 
the tivet pitch "p* (in diameters) and secate point S on upper 


or lower set acc as the joint 13 double or single riveted 
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FIG. 1. DIAGRAM FOR EFFICIENCIES OF RIVETED JOINTS, SINGLE OR DOUBLE RIVETED; LAP 
JOINTS OR SINGLE-COVER BUTT JOINTS. 


weakest part,the riveted joint,and not the strength 

of the body of the plate, that governs. It is 

found most convenient to express this minimum 

strength as a percentage of the strength of the 

body of the plate. This percentage is called the 
*1050 Main St., Wheeling, W. Va. 


edge of the plates to be in no danger of tearing 
out at the ends, say at least 1% rivet diameters 
from the nearest edge. All other quantities in- 
volved, such as the ratios of the permissi!'e« te?- 
sile, shearing, and bearing stresses, the thickness 
of the plate, diameter Of the rivets and pitch oF 
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of the rivets, may have any value that is 
spacing O° ‘cuitable. By entering the diagram 
—_ ‘known values, the efficiency of the 
with thes? » found without further calculation. 


joint ade the method of using the diagram a- 
on example will suffice. 

— stand-pipe 16 ft. in diameter is being 

it has already been determined to . 
es 


plating for the upper part. It is now 


- Yen. mined how far below the surface of 
eo = the pressure will necessitate a change 
xt heavier thickness of plating. The 
oe of the joint in the plate is the determin- 
yar jency of the joint is found as follows: 
Bi <A right-hand side of the diagram along the 

tral base line find the thickness of the plate, 
‘in Now from the grade of material to be used 


determine the minimum unit strength expected, 
e 60,000 Ibs. per sq. in. tensile strength for the 
pnd es to be used and 36,000 Ibs. per sq. in. 


lat 
— strength for the soft steel rivets; then 


shearing 


r= = 0.6. 
60,000 

This ratio can of course be determined from the 
desired values of the working stresses instead of 
the ultimate strengths if more convenient. Start- 
ing on the diagram (at the right in Fig. 1) at the 
point t = %-in. just found, follow a vertical line 
downward until it intersects the diagonal marked 
r, = 0.6. From this intersection follow a hori- 
zontal line to the left until it intersects the curve 
of a suitable size of rivets, say d = 5,-in. From 
this intersection follow a vertical line upward 
noting as it passes through the base its reading 
r, = 1.30 on the horizontal scale. This does not 
necessarily mean that the crushing stress on the 
rivet will be 1.80 times the tensile stress on the 
net area of the plate, for this will be determined 
entirely by the rivet pitch which may be chosen. 
The desired value of re should, however, be ob- 
tained just as rs was from the strengths of the 
grades of steel to be used, say 


72,000 


ft = = 1.20; 

60,000 
when the reading on the diagram comes out great- 
er than this the vertical line being followed should 
be shifted over to the right and made to pass 
through the lesser value of re. Follow this line 
upward into the upper set of lines (assuming that 
double riveted joints are to be used) until it in- 
tersects the line of a suitable value of the rivet 
pitch, say pe = 3% diameters, or a rivet spacing 
of 34% x 5 = 2's ins. From this intersection 
follow a horizontal line to the left-hand scale and 
read the efficiency ez: = 63%. 

In selecting a suitable size and pitch of rivets it 
should be noted that: 

1. When the reading on the base r, is large, fail- 
ure would occur by crushing, and a smaller size of 
rivets would give just as good an efficiency. 

2. When the point 5 (see explanatory diagram 
in Fig. 1) lies on the horizontal part of the line p, 
failure would occur by parting through the line of 
rivet holes and a larger pitch would give a better 
efficiency. 

3. When the point 5 lies on the inclined part of 
the line p and the value of r, is small, failure 
would occur by shearing off the rivets and a 
larger size of rivets and_a smaller pitch would 
give a better efficiency. 

If, however, it is desired to find the size and 
Pitch of rivets that will give the maximum possi- 
ble efficiency proceed as follows: 

Starting on the right-hand part of the base line 
at t= 14-in. follow a vertical line down until it in- 
tersects the diagonal line rs == 0.6 as before. Fron 
this intersection follow a horizontal line to the left 
until it intersects a vertical line through r. = 1.20. 
The nearest rivet curve below and to the left of 
this intersection @ = 5-in., is the size of rivets to 
use. From the point on the base line r, = 1.20 
follow a vertical line upward until it intersects 
the dotted line which passes through the knees of 
the lines p. Read P: = 3.84 by interpolating be- 
tween the values of P2 which are marked along 
the dotted line. ‘The rivet spacing is found to 
be 884 %—24ins. From this point ps = 3.84 


follow a horizontal line to the left-hand scale and 
read the efficiency ez: = 69%. 

In using this method it will be found that thick 
plates will call for very large rivets. Suppose, 
for example, that our plate had been %-in. thick. 
Then following a vertical line from t = %” down 
to its intersection with the diagonal line r, = 0.6, 
and then a horizontal line to the left, its inter- 
section with the vertical line through r, = 1,20 
will be outside the limits of the diagram and could 
only be fulfilled by rivets of unreasonably large 
size. In this case the horizontal line should be 
followed to the left only as far as its intersection 
with the curve of as large a size of rivets as is 
considered practicable, say d = 1-in., then follow 
a vertical line from this intersection upward 
through r, = 0.83 to its intersection with the 
dotted curve through the knees of the lines pz; 
read pa = 3.03 by interpolation and calculate the 
rivet spacing 3.03 x 1-in. = 3.03 ins.; then follow a 
horizontal line to the left-hand scale and read the 
efficiency e: = 60%. This shows why it is so 
much easier to obtain efficient joints with thin 
plates than with thick ones. 

But returning to the stand-pipe, suppose that it 
has been decided to use 5-in. rivets spaced 2 ins. 
e. toc. Then pe = 2 ins. + %-in. = 3.20. Find 
this point on the dotted curve by interpolation be- 
tween pz = 3, and pz = 3%; then follow a vertical 
line downward noting as it passes through the 
base line that r, = 0.91, and follow it on down to 
its intersection with the curve d = %-in.; then 
follow a horizontal line to the right to its inter- 


Fig. 2 Sketch Showing Irregularities in Driven 
Rivets. 


section with the vertical line through t = \-in. 
At this intersection read r, = 0.42 by interpolation 
between the diagonal lines. If neither r, nor rs, 
exceed the desired values of these quantities then 
return to the point on the dotted curve pe = 3.2, 
and follow a horizontal line from it to the left- 
hand scale, and read the efficiency ez: = 62%. 

If it is desired that the stand-pipe have a factor 
of safety of 5 then the tensile stress on the gross 
area of plate cross-section should be 

1-5 x 60,000 x 0.62 = 7,440 Ibs. per sq in. 
The stress on the net area of the plate will then 
be 

7,440 
== 12,000 Ibs. per sq. in. 
0.62 
the crushing stress on the rivets wil be 12,000 x 
0.91 == 10,920 Ibs. per sq. in. and the shearing 
stress on the rivets will be 12,000 x 0.42 = 5,010 
Ibs. per sq. in. 

The efficiency of the riveted. joint having been 
found to be 62%, the maximum depth h below the 
water surface at which the \4-in. plating can be 
used is easily found by an equation between the 
bursting force on a 1-ft. section and the resistance 
of the plates at the working stress. 

In the preceding example much of the work of 
finding the efficiency of a joint has been repeated 
in several different ways in an effort to make the 
use of the diagram perfectly clear. The process 
may on this account seem somewhat more compli- 
cated than it really is. The explanatory diagram 
is intended to summarize the method of using the 
main diagram and serve to refresh the memory at 
any future time. 

The use of the diagram in the design of riveted 
joints for other cases will not differ materially 
from the example given. 

It has been attempted to make it of as general 


application as possible and to this end both single 
and double riveted joints are provided for by the 
two sets of efficiencies, etc., on the upper half of 
the diagram. The example was for double riveted 
joints, but the method is exactly the same for 
single riveted joints so that a separate explana- 
tion is unnecessary, Triple riveted joints usually 
have different rivet pitches in the different rows 
of rivets which makes failure possible in so many 
different ways that reduction to diagramatical 
form cannot be readily accomplished. 

The diagram permits the choice within the limits 
of ordinary practice of any values of the tensile 
stress of the plate, crushing or shearing stress of 
the rivets, thus making it equally applicable 
whether the plating and the rivets are of the same 
or a different grade of material. It also permits 
the shearing stress to be taken at any desired 
per cent. less than the tensile stress and the 
crushing stress at any desired per cent. greater 
than the tensile stress for the same material. The 
exact relation between the crushing, shearing and 
tensile stress of steel is something about which 
there is wide divergence of opinion and very little 
reliable information. 

The diagram is based on the assumption that the 
diameter of the rivets after driving will be 1.1 
the nominal diameter before driving and the diam- 
eter of the rivet hole deducted from the plate to 
get the net area is 1.2 the nominal diameter of the 
rivet. This differs somewhat from the usual way 
of figuring rivets. The shearing value of rivets is 
sometimes figured on the nominal diameter and 
offset by using a unit shearing stress somewhat 
larger than warranted by tests, and sometimes 
figured on a diameter -in. larger than the nomi- 
nal diameter. The actual diameter of the holes in 
excess of the nominal diameter will be found to be 
somewhat irregular in different shops, but is 
usually more in thick plates than in thin ones. 
Thick plates require considerable clearance be- 
tween the punch and die to prevent binding, while 
thin plates require a very small clearance to pre- 
vent burred and ragged holes. 

The accompanying sketch (Fig. 2) represents a 
rivet that would be passed by most inspectors. It 
shows that it is a waste of time to consider hun- 
dredths of inches in the diameter of rivets. 

The deduction of still another tenth of a diam- 
eter from the plate is to allow for internal stresses 
and small cracks, on the supposition that the holes 
are punched and not reamed or annealed. 


AUTOMATIC SPACING OF RIVET HOLES. 


In fabricating structural steelwork one of the 
principal operations is punching the rivet hoes. 
This is done universally by means of stationary 
power-driven punches. The location of the holes 
is previously marked on the piece of work with 
a prick-punch from a wooden strip or “templet” 
in which guide holes have been bored at the 
proper points. The piece of work to be nunched, 
which may be angle, I-beam, plate or *ther shape, 
is drawn through between the jaws of the punch- 
ing press, being stopped as a prick-punch mark 
comes exactly under the plunger of the punch; 
the latter is then thrown into action for une stroke 
by the workman stationed at the punch. Con- 
siderable skill is required to do this work ac- 
curately and yet with reasonable rapidity. Where 
two or more pieces are required with the same 
punching, each one must be marked and punched 
separately, each requiring the same amount of 
time and labor as if only a single piece were 
wanted. 

In some special classes of work this method has 
been modified by the use of multiple punches, in 
which a number of separate punches, fa:tened 
to a common plunger and spaced in the desired 
arrangement, produce an entire group of holes at 
one stroke. The rivet holes in thé ends of 
I-beams and channels, for standard beam con- 
nections, are made in this way in the _ best 
equipped bridge shops. This method applies of 
course to small groups of holes which are often 
repeated in the same arrangement. 

Another method, adapted to long rows of ho!le:, 
has been developed within the past two or three 
years, in the attempt to make the work of punch- 
ing more accurate and more economical. Th‘s 
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method follows the same general procedure as in 
the usual method of punching, with the impor- 
tant modification that mechanical means are pro- 
vided by which the piece of work is automatically 
stopped when the location of a rivet hole comes 
exactly under the punch. In this way the ma- 
chine takes care of the accuracy of the loca- 
tion of rivet holes, and leaves to the workman 
only the care of feeding the piece through the ma- 


level of the angle or other piece of iaterial 
passing through the punch, and furnishes a sup- 
port for the piece. As the carriage is the only 
permanent bearing for the work on the feeding- 
out side, it is evidently necessary to supply tem- 
porary intermediate supports to prevent it from 
sagging under its own weight. For this purpose 
as many of these supporting rolls as may be de- 
sired are placed along the length of the table, 
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FIG. 1. 


chine and operating the punch; it is clear that 
iat! much greater rapidity of working can thus b2 
ft reached than is possible with the ordinary method 
i iB) of punching. 
ee A simple machine for this purpose is the one 
shown in the drawings and views herewith. It 
j comprises (1) a long table on the feeding-out end 
[ of the punching press; (2) a carriage traveling on 
' this table and drawing the piece of work through 
the punch by means of a pair of gripping jaws on 
t f the carriage; (3) a series of dogs on the table, 
adapted to engage a latch projecting from the 
carriage, and thus stop the work; and (4) a 
4 : lever for releasing the latch after the correspond- 
: ing rivet hole has been punched. The photo- 
{ -graph reproduced in Fig. 1 shows this machine 
in position behind a punching press, while a row 
of holes is being punched in one leg of a steel 
7 1 angle. Fig. 2 presents a front elevation of the 
machine, in working position, somewhat diagram- 
matic. 

The table or track of the machine is made in 
sections, supported every 5 ft. on a leg frame. The 
carriage has a set of ball-bearing wheels by which 
it rolis along the top of the table; a second set of 
wheels bearing upward against the track pre- 
vents tipping. The gripping jaws and the lever 
by which they are operated are shown suffic'ently 
clearly in Fig. 2. A small latch or bolt projects 
from the front of the carriage to engage the dogs, 
which are bolted to the front of the table and 
project above it. The bolt may be pushed back 
by means of a vertical lever, and is returned by a 
spring when the lever is released. The dogs are 
held against the front face of the table by a bolt 
7 fitted in a horizontal T-slot running the length of 
) the table. The face against which they bear is 

grooved diagonally by V-grooves spaced 14-in. 
4 apart. To secure exact adjustment of each dog, 

; a screw projects from its bottom and _ bears 
; 7 against a ledge of the table; by raising or lower- 
ing the dog through this screw the dog is shifted 
: laterally an equal amount, since it follows the di- 
agonal (45°) grooves. 


The only other element of the machine requiring 
description is the intermediate supporting ro'ler 
and gear, shown at the right end of Fig. 2. This 
roller is normally below the level of the carriage, 
but as the latter passes beyond it, it engages and 
throws over the forked lever shown at the extreme 
right of Fig. 2, and thereby raises the wheel to the 


CONLEY RIVET-SPACING TABLE IN OPERATION. 


usually one in each panel (5 ft.). The table may 
be built of any length desired, being made in sec- 
tions for this purpose. 

The manner of operating the machine will be ob- 
vious. The dogs are set at the proper spacing, 
as shown by the drawing of the work to be 
punched. The carriage is drawn along the table 
by a workman, who also releases the latch from 
the dog as soon as each hole is punched. The 
work is guided for gage by an adjustable roll on 


the punching press, which forms a rear bearing 


for the piece. 


Two or three men are required for punching 


with the use of this machine: one at the feeding- 


in end, one at the punch, 
and one at the carriage. 
The punch operator also 


FLOODS AND FLOOD PROTECTION Wor. 
ST. LOUIS, ILL.* ws 
By James F. Parr.+ 
The following paper relates to the exp. of Bas 
St. Louis, Ill., during the flood period in |. ae 


St. Louis and the neighboring towns of B;. 
Madison and Granite City, on the north 
population of some 50,000 or 60,000), are - 
east side of the Mississippi River in the ¢). 
Bottoms”’ opposite the city of St. Louis, Mo 
of the Rockies begin to melt in April ay , 
of June are beginning to flow by us and ¢: as 
cally known as the June rise. This rise : 
fair stage of water, and should there be . ve 
in the head waters to add to the June rise . is} 
to be trouble. 

Beginning on May 20, 1903, and for a perio. 
a series of storms passed over Kansas, Ne): 
Minnesota, Wisconsin, northern Missouri 
flooding this territory and overflowing the 
ereeks and rivers. At Sioux City, 2.7 ins.: a: 
2.18 ins.; at Davenport, 1.96 ins.; at Concor: 1.7 
at Peoria, 1.12 ins. of rain fell in a short vue. 7 . 
rain fell at such a time that by the time |: he 
Miss-- * River it joined hands with the | rise 
passed on down toward the Mississippi in: « to join 
with the high waters coming down from the i 

Fortunately for the people living south of 


he Ohio 
was at a low stage, so that there was no floo ver be- 
low to retard the waters here. All along the r, levee 
that were considered as protections failed. All |) rough the 
American bottoms are levees and cross levees 4.) railway 
embankments built to hold these waters within bounds 
At East St. Louis the Baltimore & Ohio Ry. enters oy 
the north, coming in from the bluffs some «ix or seyey 


miles east, and its embankments were built above the 
highest water known, that of 1844. South of «> the farm. 
ers had built a levee, and in course of time 1). 
Ry. took possession of this levee and is keeping it up for 
the use of it. East St. Louis is divided by Cahokia Creek, 
as shown by Fig. 1, and nearly the whole of that part 
west ‘~ occupied by railway yards and freicht depots. 
The eastern vart is the business and reside: 


Conlogue 


ce portion. 
On the creek is the depot, known as the Relay depot, 
from which the B. & O. Ry. levee leads out, and whose 
banks were a solid wall during the whole of the flood. 


This levee does not reach its full height unti! about one- 
fourth of a mile northeast of the Relay. From this 
high point south to the Relay and the Conlogue Ry. 
(one-half mile below the Relay), there is a levee some 4 
ft. below the last high water. This stretch of three- 
fourths of a mile is where the fight was hardest. On the 
south of town and running to the bluffs is the Illinois 
Central Ry., whose bank forms a levee. Through the east 
part of town is a railway track known as the Belt Line, 
which track was used as a second levee. 

As to high waters, there are unwritten records as far 
back as 1700. The effects of these past records are shown 
by the washings in the bottoms, where, in a number of 
cases, lakes are now left to mark their courses. These 
bottoms are from three to six and eight miles wide in 
our vicinity. The first high water on record was in 1785, 
and its elevations are said to have been marked by the 
Indians, who cut notches in the trees with their toma- 
hawks, although I have never seen such a mark. There 
was a high water in 1823, but as far as I know there is 
no record of its stage. 1820 was a year of high water, 
when the stage reached 36.4 ft. 

We have no records of high water from then until 1S+# 
In the winter of 1843 and 1844, according to reports, 
there was a very heavy snowfall on the whole of the up- 
per Mississippi Valley. This melting snow began to swell 
the rivers in April and by the first of May had covered 
the whole of the American bottoms, there being no levees 
then. In_a short time it began to fall, and at the same 
time heavy rains to the north began. By the time the 
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skilled workman. 
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FIG, 2. 


laying-out and punching. The J. W. Grove Co., 


Farmers’ Bank Bidg., Pittsburg, Pa., “control the 


sale of the machine. 


FRON! ELEVATION OF CONLEY SPACING TABLE. 


The machine, which is patented, is called the 
Conley Spacing Table. It has been in use in sev- 
eral bridge shops for some time. The full value 
of the device is realized only in work where a 
considerable number of duplicate pieces are re- 
quired. When less than five or six similar pieces 
are to be made, little or no saving is realized, 
since the setting of the dogs then takes as much 
time as is required in the ordinary process of 


river was within its banks these rains began to pass by, 
and on May 20 another stage higher than the ‘rst swept 
by. The river had just begun to fall when another rain 
storm passed over the north, and on June 23 the war 
had reached a higher stage, and for five days stood high, 
reaching an elevation of 41.4 ft. on June 28. In this year 
the water receded very slowly. The next high water w& 
in 1851, when, on June 10, the gage read 307 ft 12 
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.» was made of 37.1 ft, In 1858, on June 15, 
a readin’ again reached. On April 26, 1862, 
8 nse ; tt. was reached. It was not until May 
. eat » stage of 32 ft. was reached. Then, on 
a 1881. . stage of 33.65 ft., and on July 5 and 6 a 
o> ft, On June 26, 1883, a stage of 34.8 ft. 
May ), 1882, a stage of 36.0 was reached, this 
Then, 0 nat gave trouble, after which all levees 


peing & year ) strengthened. From that time until this 


stage of 


were —* there being a stage of 31.0 on May 3, 
the ae “ove elevations are above a stage of 30 ft., 
1993. here known as the danger line. The zero refers 
which Is Bos stage im 1863, and at which time there 
of 10 or 12 ft. This zero gage is equal to 
aun - 378.97 ft. above mean gulf level at Biloxi, 
Miss. 


x- 
: | 


Fig. 3. Cross-Section of Conley Spacing Tab‘e. 


The 1908 flood reached (on June 10) an elevation of 38 
ft., the highest record since 1844. While the gage showed 
38 ft., there was an elevation of 40 ft. at the Relay depot, 
and 41 ft. a mile further up on the north side of town. 
This is accounted for on account of the railway yards 
forming levees and the direction of the river, the city 
being on the back of the bend or outside of the curve. 
Our main street leading from the residence and business 
part to the river and to St. Louis was above the highest 
water and formed a dam to the water. The railway em- 
bankment leading to the Eads bridge, just above our main 
street and just below Relay, assisted in keeping the stage 
higher, there being only the river and Cahokia Creek to 
let the water pass through. In the short space of 700 ft., 
from the Relay south along Cahokia Creek, there was a 
fall of over 1 ft. in the current of the water. Nearly 
all the railway yards between Cahokia Creek and the 
river are at right angles to the river, and as the water 
tose the one farthest to the north was the first to be 
submerged, and then in a short time all were broken 
through or else overflowed. ‘These yards are all made 
over what was once a secondary channel to the main river. 
All of the yard tracks cross Cahokia Creek on trestles, 
except the Vandalia and Terminal lines just below the 
Relay, which cross on plate girders with masonry abut- 
ments and somewhat narrow up the creek. There was 
more or less drift in the creek and this added to blockade 
the passage of the water. As the water came over these 
yard tracks ft caught ‘a small house just above the girder 
bridge mentioned and lodged it at this opening, which 
was probably the cause of the greater depth at the Relay 
and also the great fall mentioned. 

As to the emergency protection methods used, it was 
at first intended to use these yards by raising their em- 
bankments, but it was soon found that that would not 


do, as the river was rising at a rate that indicated their ° 


submercence in a short time, That part of the town west 
of Cahokia Creek was abandoned and preparations were 
begun for a levee along Cahokia Creek by means of sacks 


filled with sand, gravel and clay placed along the points 
of danger. These sacks were laid at right angles to the 
water and the clay was thrown on the water side to pre- 
vent seepage. Then as the water rose a second row of 


‘sacks was placed inside of these, some 2 to 3 ft. being left 


between the two rows. This space was then filled with 
clay and then a second layer of sacks were placed on the 
first row and then more clay filled in. In the meantime 
the levee was kept above the rising water. Where possi- 
ble, the sand was used to fill sacks and clay reserved for 
intermediate filling. This levee was built on top of some 
of the yard tracks running parallel to the creek and so 
close that dirt was plowed from the trains by means of a 
steam plow upon and over the sacks laid. This saved a 
second handling of the material. 

The train of sand stood on a track near the emergency 
levee and was kept full of men filling sacks, which were 
carried to the place needed. Nearly all of the yards 
were emptied along the temporary levee so that they could 
be used for storing trains of sand and clay for raising the 
levee. It was fortunate that the World's Fair was build- 
ing, as the steam shovels used for leveling the hills there 
were kept loading dirt trains for the protection of East St. 
Louis until the water got so high that trains could not 
be brought over by he Terminal R. R. Association. They 
ran trains in 3 to 4 ft. of water, and men had to use their 
feet to find the switch lever in order to throw it. One 
train was being wrecked on tracks 4 ft. under water 
within 100 ft. of where needed, because of the inability to 
properly throw the switch or to see that it was clear after 
being thrown. The Illinois Central Ry. ran trains to the 
bluffs (Fig. 2), where men were kept busy loading dirt, 
which was used on the south end of the levee. The Louis- 
ville & Nashville Ry., whose yards were on the inside 
of and adjoining the levee, kept trains busy loading dirt 
and hauling from the bluffs. The roads entering from the 
north lent assistance until they were cut off by the water. 
The St. Louis, Belleville & Suburban Electric Street Ry. 
lent valuable assistance after other roads were cut off, as 
well as before. 

‘After some of the roads were cut off from the bluffs, dirt 
was taken from the inside of the city limits and on private 
property. As fast as sacks were laid the earth was kept 
tramped by continual passage of men carrying sacks for- 
ward to other places. Sacks were laid at the foot of the 
railway embankments and carried up to the slope, and then 
up with the rise of the water. This was found necessary 
because of the cinder filling used in the original raising of 
the side and main tracks. More caution was used at 
night than in the day time, from the fact that the torches 
carried showed the seeping of the water plainer, and to 
some extent exaggerated the size of the seepage streams. 
I often noticed that seepage being watched in the day 
time did not exercise the minds of the watchers as strongly 
as it did by night. 


%Break “B” 
Miles. 
News. 


Fig. 1. Map Showing Existing and Proposed Levees 
at East St. Louis, Ill. 


The first break occurred some three miles below the city 
(A, Fig. 1), and began to fill that territory. Then the Iili- 
nois Central Ry. embankment became a secondary levee on 
the south, and that was guarded until a break (B) nearly 
at the last moment flooded the southern part as far as 
Broadway. This street being elevated, formed another 
levee in conjunction with a track on the east side of town. 
This break occurred dt an old filled spot. The back- 
water, on account of the break being below, did not rise 


as high as the river by some 4 ft., and the majority of the 
town was left dry. After the water reached Broadway 
from the break it began to slowly work its way through 
it by means of the laterals to the sewer, and later by a 
break in the Broadway sewer. By this time the river 
began to fall and the seepage through this street did not 
rise as high as the back-water. Some of the oross streets 
in the business part of the town are made of sand from 
the river, and when the seepage water rose high enough 
it softened them and they went to pieces. They were 
built with a «lope of 1% to 1 and were paved with brick. 
As soon as possible after the river began to fall men were 
put to work opening outlets for the water to escape. All 
sewers had been stopped by filling them with sacks of 
sand to keep the water from backing in through them. It 
was a task far harder to remove these sacks than to place 
them in the manholes of the sewers, these sacks often 
being torn to pieces when removed, 

As East St. Louis has to pump the sewage at certain 
stages of the river, and as two of the pumps were sta- 
tioned where they became inoperative after the river rose, 
after the break it left the city with only one pump to re- 
move the sewage and back-water. As soon as possible 
a fire engine from St. Louis and one from Belleville was 
obtained and water pumped out by means of fire hose 
without nozzles. Our only pump was removed to a bet- 
ter location, and water pipe borrowed from the water 
company was laid on top of the ground and the water 


Fig. 2. Map of Proposed Flood Relief Canal for ths 
Protection of East St. Louis, Ill. 


pumped out in this manner over the top of the temporary 
levee. As the back-water was always lower than the 
river, as the river fell it was some time before the outlet 
sewers could be opened, because of the danger of the 
water pushing in instead of out. Levels were taken every 
day, and as soon as the river fell below the elevation of 
the ba@K-water, all outlet sewere were opened and as- 
sisted the pumps in removing the back-water, the flooded 
pumps being put in operation as soon as possible. The 
breaks in the levees, while flooding the lower part of 
the town, did not carry the water out as fast as it came 
in, and in time the river dropped below this back-water. 

There are several methods suggested for the prevention 
of floods in the future. One is to build a levee from 
Alton, Ill., on the east bank of the river, as far down as 
will be sufficient to protect the whole American bottom, 
including farmers, as well as towns and cities. This 
proposition Will necessitate flood gates at the outlet of all 
creeks, with pumping plants to be used in times of high 
water. On the whole, I am inclined to think this the 
best plan. A plan was suggested previous to this flood, 
and has been suggested again, to change Cahokia Creek 
above the city and turn it into the river above, and 
use the dirt excavated therefrom to make a levee on the 
south side of the creek, as shown in Fig. 1, “From where 
the creek is to be changed there cross two belt line 
railways running parallel and 100 ft. apart from the 
creek to the B. & O. Ry. These are to be raised above 
the high water and the space between them filled in. If 
this is done it will give along the belt tracks a levee 
about 100 ft. wide on top. From this intersection to the 
bluffs, the B. & O. Ry. bank is high enough, but it is sug- 
gested that it be strengthened. The Vandalia Ry. runs 
along the north side of-and parallel to the B. & O. Ry., 
and in the present high water it was under water. It 
has been suggested that the Vandalia bank be raised 
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above high water and that the space between it and the B. 
& O. bank be filled in. If this is done it would give a 
solid levee on the north of 100 ft. wide from the river to 
the bluffs. It would necessitate a levee being raised sev- 
eral feet above any previous high water, as such a levee 
running almost at right angles to the river would form a 
dam, with the river as the only outlet. 

From where the proposed change of the creek empties 
into the river it is intended to raise Front St. (which 
runs parallel to and on the river bank) and the railways 
that occupy the river front between Front St. and the 
river to a height above any possible overflow. This 
front levee is to be carried south to the extreme southern 
part of the city, where the railway yards are, and then 
to follow this track to where it crosses the Illinois Cen- 
tral Ry., and then to follow this railway to the bluffs on 
the south. A part of this proposed levee on the river 
front is in working condition now, but does not extend far 
enough north or south. The Illinois Central Ry. has two 
tracks running parallel and 100 ft. apart, which now form 
good levees. It is suggested that these be raised and the 
space between them filled in. If these suggestions were 
carried out it would give East St. Louls an independent 
levee system. 


Another proposition is to make a new channel for 
Cahokia Creek from where it leaves the bluffs, and to fol- 
low the bluffs far enough south so that no back-water 
would rise high enough to overflow the land. The earth 
excavated from this channel is to be thrown on the side 
opposite the bluffs to form a levee, and flood gates to be 
placed in this levee to prevent inflow from any back- 
water. This proposition would do away with the creek 
through or above East St. Louls, and would turn any 
overflow of the river east of it. 


Another plan, shown in Fig. 2, is to excavate a canal 
from the junction of the Missouri with the Mississippi, 
east to the bluffs, and then along the bluffs south and 
uniting with the Mississippi some 20 miles below East St. 
Louls. The material from this canal would form a levee 
on the south and west sides, and so make an island of 
the present city of East St. Louls. This canal would be 
200 ft. wide and deep enough to float barges. It would 
necessitate the raising of all railways at the bluffs, but as 
they now have to climb them it would only lengthen their 
distance of incline, giving a better grade; or else place 
them higher up so that better advantage of the hills might 
be taken. The levee might be used in a double way: as a 
public thoroughfare or boulevard, and for a belt line rail- 
way transferring freight for through points on the vari- 
ous roads that cross it. The property adjacent to the levee 
could be used for manufacturing sites, as there is plenty 
of coal in the bluffs. It is claimed that this canal would 
so enhance the value of the property benefited that no 
higher tax rate would be necessary. 

A smaller proposition, which includes only the residence 
portion, was voted for on Dec. 15, and carried by a small 
majority. It was considered by a great many not to be 
the proper method, as it leaves exposed nearly all the 
railway yards which were giving employment to so many. 
As the law only allows assessment to be made on property 
benefited, they claimed that there would not be taxes 
enough raised to properly build such a levee. A number 
who voted against the proposition would have voted for a 
proposition to levee the whole city. Out of a vote of 
over 7,000 not one-half voted. As this vote was not 


THE WEAR OF SEWER INVERTS. 
By E. A. Hermann,* M. Am. Soc. C. E. 

The inner bottom surface of a storm sewer, gen- 
erally called the invert, is subjected to consider- 
ble wear by the constant flow of sewage and the 
gritty substances, such as sand, gravel and stones, 
washed into the sewer through house and yard 
connections, grated manhole covers, or sewer in- 
lets placed at street intersection corners for the 
surface drainage due to rainfalls, 

This wear is confined almost entirely to that 
part of the surface of the invert covered by the 
ordinary foul water flow, the balance of the sewer 
receiving practically very little wear from the oc- 
casional increase in the depth of the discharge of 
the sewer. The width of this wear is generally not 
over 1 or 2 ft., and rarely exceeds 4 ft.; it de- 
pends, of course, upon the quantity of the or- 
dinary foul water flow. It follows, therefore, that 
the part of the invert covered by the ordinary 
foul water flow should consist of a wearing course 
much harder than the balance of the sewer. This 
is impracticable for vitrified clay pipe sewers, 
but it can be done, at very slight additional ex- 
pense, in sewers of brick, stone or concrete con- 
struction, and it is important that the sewer shall 
not be dangerously weakened or destroyed by the 
constant flow of sewage wearing deeply into or 
through the invert. 

Separate sewers have a comparatively small 
discharge and receive very small quantities of 
gritty substances, and consequently the wear of 
the inverts of such sewers is very slight; but com- 
bined sewers have a large discharge and receive 
large quantities of such gritty substances as 
above mentioned, and the erosion of the inverts 
caused thereby is an appreciable quantity and 
often a seriously destructive agent. The amount 
of wear depends upon the hardness and smooth- 
ness of the material of construction of the sewer, 
upon its ability to resist the disintegrating action 
of the acids in the sewage, and upon the grade of 
the sewer. The materials most commonly used for 
sewer construction are vitrified clay pipe, vitrified 
brick, common building brick (more or less mard- 
burned), and concrete. 

In the sewers of the city of St. Louis, which are 
on the combined system, the grades range from 
0.2% to 2%, averaging about 0.5% for sewers more 
than 5 ft. in diameter and about 1% for the 
smaller sewers. The vitrified clay pipes show no 
appreciable wear after about thirty-five years’ 
use; these sewers are mostly laterals, and have, 
of course, the smallest discharge, though some of 
those in the business and manufacturing sec- 
tions of the city carry a constant stream from 1 
to 3 ins. deep, containing more or less acids, 
scalding hot water and steam. The pipes vary 
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FIG. 1. METHOD EMPLOYED IN REPAIRING BADLY WORN SEWER INVERTS AT ST. LOUIS, 


ratified by a two-thirds majority of the city council it 
failed to pass. 

The estimated loss has been placed at from $1,500,000 to 
2,000,000 im railway property, city property and the 
temporary throwing out of employment of men working 
in the different factories that were closed. The cost to the 
city in building this temporary levee has been placed at 
$70,000. The loss to the railway was in the overflowed 
tracks and washouts in the yards and loss of business 
during the flood; to the city, in the destroying of streets 
and pumping plants; to citizens, in the overflow of their 
household goods, and to business houses, in the loss of 
goods in basements, as well as to the general interference 
with business. 


While it may seem strange, it is nevertheless a fact that 
the flood was to a certain extent a benefit. It washed and 
floated away a great amount of decaying matters thrown 
in alleys and open fields. It might be supposed that sick- 
nse would follow, but such was not the case. One reason 
was that all was put in good order before being occupied 
again, and there was no stagnant water left to breed any 
kind of disease. 


from 12 to 24 ins. in diameter, except a few lines, 
which are 30 and 36 ins. in diameter. 

The vitrified brick also shows no appreciable 
wear; it has, however, been in use only about 
twelve years. One course of square-edged bricks 
(building foundation vitrified bricks) are used for 
the lower quarter of the circle of round sewers; in 
sewers of other forms the vitrified bricks are 
carried to a line 6 ins. higher than the surface 
of the ordinary foul water flow in the sewer. 
The balance of the sewer is built of common hard- 
burned building bricks. This form of construc- 
tion provides a wearing course for the invert of 
a very hard, smooth material, unaffected by acids, 
and covering that part of the sewer subject to 
constant scouring action. 

_ The inverts of sewers built of common brick 
begin to show some wear after about three years 


*Lately Sewer Commissioner and Member of the Board 
of Public Improvements, St. Louis, Mo. 


of service, and after about thirty ,. 


first ring of brick is worn away :, ‘2 the 
nearly its whole depth of 4 ins. ,, to 
greatly in sewers of different size le — 

le, quan. 


tity and quality of Sewage, and hardn-<; o¢ b 
the average life of such brick appears +, be rick; 
forty years. 

In St. Louis several miles of wor. ,; iny 
have been replaced within the last > nid sina 
by vitrified brick, and it is confia-.:. 2°" 


and expected that the new inverts wij) A 
least three of the old ones. All new eo org i 
inverts of vitrified brick, as described ave 
wear of the common brick inverts ; shown “a 


Fig. 2. Section of Large Sewer at St. Louis, Mo. 


longitudinal and cross-sections by Fig. 1; this 
wear is very rough and irregular, due to the vary- 
ing hardness of the bricks and the eddies and de- 
flecting currents caused thereby. The res'stanc» 
to the flow of the sewage is evidently greatly in- 
creased; it is quite noticeable to the eye in the 
swift smoothness of the current where a new sec- 
tion of vitrified brick adjoins an old section of 
common brick much worn, but not yet deemed 
worn out. The method of replacing the wornout 
invert with vitrified brick is also shown by Fig. 
1. A section of the sewer, averaging about 150 
ft. in length, is laid dry and bare by building a 
temporary dam at each end, and providing for the 
uninterrupted flow of the sewage by means of a 
flume extending over these dams. The lower dam 
is a thick roll of clay puddle, only; the upper dam 
consists of 2-in. boards, supported by large nails 
or spikes (or bars in the large sewers), driven 
into the joints @f the brickwork of the sewer, and 
made watertight by means of clay puddle placed 
against the upper side of the dam. The old worn- 
out bricks are loosened with picks or iron wedges 
and removed, and after the new vitrified bricks 
are in place, the mortar is allowed to harden for 
at least 48 hours before the dams are removed to 
the adjoining section, where the process is re- 
peated. The nearest manhole below the dams 
serves as the point of ingress and exit for men 
and materials. None but the best brands of 
Portland cement are used for the mortar, both for 
vitrified and common bricks. 


In the reconstruction of the invert of a large 
sewer (15 x 20 ft.; see Fig. 2) in St. Louis, about 
eight years ago, concrete was used both with and 
without a covering of vitrified brick in adjoin- 
ing sections of the sewer. The sections covered 
by vitrified brick are by far the most satisfactory; 
the surface is smooth and hard, and no appre- 
clable wear can be detected. The surfaces of the 
concrete sections not covered by vitrified brick, 
that is, where the surface of the concrete is di- 
rectly exposed to the sewage, is completely pitted 
with small holes varying in size from 4 to 14 
ins. in depth and area. The Portland cement 
mortar between the stones of the concrete seems 
to be partially disintegrated, leaving a very rough 
surface of projecting stones. When new, this con- 
crete was allowed to harden for several days be- 
fore the sewage was permitted to flow over it. 
The cause of the pitting has not yet been deter- 
mined; it may be due to the effect of the acids 
from decomposing organic matter, acids from 
manufacturing establishments, or other causes; 
the effect, however, ig plainly evident, and the in- 
verts of all new sewers of this’ or similer kind 
are now being covered with a wearing course of 
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